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CHAPTER  VI. 


THE  RECOVERY  OF  THE  NITROGEN  COMPOUNDS. 

The  recovery  of  the  nitrogen  oxides  which  are  still  present  in  the 
gaseous  mixture  issuing  from  the  last  chamber  has  been  previously 
mentioned  as  a  process  indispensable  for  the  rational  manufacture 
of  sulphuric  acid.  It  saves  not  merely  at  least  two-thirds  of  the 
nitre^  but  also  a  great  deal  (a  quarter  up  to  a  third)  of  the 
chamber-space;  it  increases  the  yield  of  sulphuric  acid^  and^ 
moreover^  prevents  the  escape  of  acid  fumes  into  the  atmosphere. 
Several  processes  may  be  employed  for  this  object ;  but,  with  one 
exception,  they  only  require  to  be  briefly  mentioned.  The  only 
plan  which  has  turned  out  successful  in  manufacturing  practice^  and 
which,  certainly  after  a  considerable  length  of  time,  has  been 
introduced  into  all  well-managed  works,  is  that  which  was  pro- 
posed by  Gay-Lussac  as  early  as  1827,  viz.  the  absorption  of  the 
nitrous  fumes  by  strong  sulphuric  acid.  The  chemical  fact  under- 
lying this  process,  viz.  the  behaviour  of  the  oxides  and  acids 
of  sulphur  and  nitrogen  towards  one  another,  has  been  fully 
discussed  in  Chapter  III.  (pp.  212  et  seq,),  to  which  we  must 
refer.  We  shall  here  examine  the  technical  means  employed  for 
realizing  the  possibility  of  recovering  by  far  the  greater  part  of 
the  nitre  contained  in  the  exit-gases  from  the  vitriol-chambers. 
We  recall,  therefore,  only  the  following  reactions. 

Moderately  concentrated  sulphuric  acid  absorbs  from  gaseous 
mixtures  no  nitric  oxide  except  in  the  presence  of  oxygen,  when 
of  course  higher  nitrogen  oxides  are  formed.  Nitrous  acid  is 
absorbed  with  the  formation  of  nitrososulphuric  acid  : 

2H2S04+NA=2S02(OH)  (ONO)  +  H,0. 
Nitrogen  peroxide  is  absorbed  with  formation  both  of  the  just- 
named  compound  and  of  nitric  acid : 

H2SO4 +NA= S02(0H)  (ONO)  +  HNO,. 
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Nitrososulphuric  acid  is  decomposed  by  water  alone  : 
2  S02(0H)  (ONO)+H20=2  H2SO4  +  N2O,, 
or  by  water  and  SOo : 

2  SO5NH  + 802  +  2  H.O^a  H2SO,  +  2  NO. 

The  most  usual  apj)aratu8  for  retaining  the  nitrous  fumes  by 
means  of  strong  sulphuric  acid  is  the  coke- tower,  first  proposed 
in  1827  by  Gay-Lussac  (who  was  acting  as  consulting-chemist  to 
the  St.  Gobain  Company  at  Chauny),  and  justly  designated  every- 
where by  the  name  of  its  inventor.  From  the  facility  which  this 
apparatus  gives  of  retaining  at  least  two-thirds  of  all  the  nitre, 
and  from  the  other  important  advantages  realized  by  it,  it  might 
have  been  expected  that  it  would  have  been  generally  introduced 
within  a  short  period  after  its  invention.  But,  most  curiously^ 
Gay-Lussac's  invention  was  only  carried  out  into  practice  for 
the  first  time  in  1842,  at  Chauny ;  and  forty  years  after  its  inven- 
tion the  majority  of  sulphuric-acid  makers  did  not  possess  either 
Gay-Lussac's  or  any  other  apparatus  for  retaining  the  nitrous 
fumes ;  nay,  even  some  of  those  who  had  adopted  it  in  the  first 
instance  had  abandoned  it  again. 

The  cause  of  this  was  that  formerly  the  only  practicable  plan  of 
denitrating  the  nitrous  vitriol  obtained  in  the  Gay-Lussac  tower  was 
by  dilution  with  water,  and  that  the  expense  of  reconcentrating  and 
of  pumping  the  acid,  &c.,  was  thought  to  amount  to  nearly  as  much 
as  the  saving  of  nitre.  Most  manufacturers  were  not  aware  that 
the  saving  (which  was  mostly  estimated  too  low,  viz.  equal  to  one 
half  of  the  nitre)  was  not  the  only  advantage  of  the  absorbing- 
towers.  But  the  great  dearth  of  nitrate  of  soda  which  occurred 
about  the  years  1868-70  brought  the  matter  vividly  before  them ; 
at  the  same  time  on  the  Continent  the  composition  of  the 
chamber-gases,  the  chamber-space,  &c.,  were  studied  more  closely, 
and  the  advantage  of  an  excess  of  nitrous  gas  in  the  chambei*s, 
which  can  only  be  secured  by  means  of  an  absorbing- tower, 
became  evident.  These  circumstances  led  to  the  re-erection  of 
Gay-Lussac  towers,  and  the  more  so  as  some  few  manufacturers 
had  never  given  them  up  at  all  and  had  done  very  well  with 
them. 

In  £ngland,  where  the  theoretical  part  of  the  subject  has  been 
much  less  attended  to,  another  practical  invention  had  in  the 
meantime  been  made,  which  entirely  removed  the  only  essential 
drawback  of  the  Gay-Lussac  absorbing- tower,  viz.  the  necessity 
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of  concentrating  the  acid ;  this  was  the  Glover  tower.  Whilst 
about  1870  only  a  comparatively  very  small  number  of  English 
works  absorbed  their  nitre-gas  at  all^  since  then  all  the  larger  and 
better  works  have  introduced  the  Gay-Lussac  absorbing-tower, 
nearly  always  along  with  Glover's  denitratiug-tower.  Probably 
some  few  exceptions  may  still  survive;  but  we  are  here  only 
speaking  of  works  somewhat  rationally  managed. 

Gay-Lu8sa&8  Absorbing -Tower  for  Nitrous  Gases 

consists  of  a  chamber,  placed  at  the  end  of  the  set  of  lead  chambers, 
higher  than  wide  (a  "  tower''  or  '^  column"),  of  which  the  walls 
are  made  of  a  material  capable  of  resisting  sulphuric  acid,  and  the 
interior  space  is  filled  with  a  material  presenting  a  large  surface. 
By  means  of  this  '^packing"  a  stream  of  sulphuric  acid  entering 
the  column  from  above  is  divided  into  small  drops ;  at  the  same 
time  the  current  of  gas  rising  up  in  the  tower  is  divided  into  many 
small  jetH ;  and  thus  the  contact  between  the  gas  and  the  acid, 
covering  the  surface  of  the  packing,  is  multiplied.  The  principle 
applied  here  is  exactly  the  same  that  had  been  employed  for  a  long 
time  in  the  "  scrubbers  "  of  gas-works,  in  order  to  deprive  the  gas 
of  ammoniacal  salts  by  washing  it  with  water,  and  which  is  also 
applied  to  the  condensation  of  hydrochloric  acid  in  the  decom- 
position of  common  salt :  it  is  always  this,  to  produce  a  great 
many  points  of  contact  between  the  gas  and  the  absorbing  agent, 
aud  thereby  to  wash  out  the  absorbable  substance  of  the  gas  as 
much  as  possible ;  or  the  interior  of  the  tower  may  be  represented 
as  a  filter  which  allows  only  the  inert  gas  to  pass,  but  retains  the 
gas  acted  upon  by  the  absorbing  agent. 

The  reason  why  such  an  apparatus  is  constructed  in  the  shape 
of  a  tower  or  column  (that  is,  why  it  is  made  much  higher  than 
wide)  is  this,  that  in  the  case  of  apparatus  with  a  considerable 
horizontal  section  it  is  quite  impossible  to  distribute  a  compara- 
tively thin  stream  of  the  absorbing  liquid  equally  over  the  whole 
section,  and  at  the  same  time  to  force  the  gas  to  meet  the  liquid 
all  over.  Of  course,  .the  gas  has  always  a  tendency  to  rise  where 
its  progress  is  not  barred  wholly  or  in  part  by  a  liquid ;  unless  the 
towers  are  pretty  narrow,  it  is  not  possible  to  prevent  the  liquid 
running  down  almost  entirely  in  some  places,  the  gas  rising  in 
others,  so  that  but  little  of  the  two  would  come  into  contact,  aud 
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the  liquid  would  arrive  at  the  bottom  charged  with  very  little 
absorbable  matter^  whilst  the  gas  issuing  at  the  top  would  still 
contain  a  good  deal  of  it. 

Hence  follows  this  general  principle : — An  apparatus  for  the 
absorption  of  gases^  such  as  those  under  consideration^  should  be 
made  uo  wider  than  is  necessary  in  order  that  the  draught  may  not 
be  impeded  by  the  packing ;  and  the  necessary  cubical  volume  of  the 
packing  should  be  obtained  by  making  the  tower  so  much  higher. 
Thereby  another  object  is  also  attained — viz.,  the  gas  entering  at 
the  bottom  of  the  tower,  where  it  is  richly  charged  with  absorb- 
able matter,  meets  a  liquid  containing  already  a  good  deal  of  the 
same,  and  therefore  not  capable  of  dissolving  much  more,  unless 
an  abundant  supply  is  presented  to  it,  which  is  just  the  case  uivder 
these  circumstances  ;  on  the  other  hand,  the  gas  near  the  top  of 
the  tower,  where  it  is  almost  entirely  deprived  of  its  absorbable 
parts,  meets  entirely  fresh  liquid,  which  is  able  to  seize  upon  those 
parts  even  in  a  poor  gas,  whilst  a  partly  saturated  liquid  would 
have  no  action  upon  such  a  gas.  This  is  the  theoretical  explana- 
tion of  the  practical  fact  that  a  saturated  absorbing  liquid,  along 
with  exhaustion  of  the  gas,  can  only  be  attained  by  building  the 
towers  very  high. 

A  considerable  vertical  height  of  the  absorbing  medium  cau 
be  also  obtained  by  placing  two  towers  alongside  each  other^ 
and  compelling  the  gas  leaving  the  first  tower  at  the  top  to  pass 
downwards  in  order  to  rise  again  in  the  second  tower.  As  a  rule 
this  arrangement  is  not  to  be  recommended,  for  two  reasons : — 
first,  there  is  a  loss  of  draught  caused  by  compelling  the  gas  to 
take  the  path  downwards  for  a  portion  of  its  course,  and  the 
consequent  great  friction  in  the  connecting-tube;  secondly,  in 
this  way  certainly  the  gas  can  be  completely  washed  out,  but  at 
the  same  time  we  do  not  obtain  a  saturated  absorbing  liquid^ 
both  of  the  towers  having  to  be  fed  Avith  liquid,  which  at  the  end 
only  attains  half  the  degree  of  saturation  that  would  have  been 
attained  in  one  tower  equal  in  height  to  both  those  employed  and 
fed  with  a  single  jet.  Where  the  strength  of  the  absorbing 
liquid  is  of  no  consequence,  it  is  often  more  convenient  to 
employ  two  towers  in  series  than  one  of  double  the  height. 
With  the  large  Gay-Lussac  space  recently  employed  by  many 
works  it  is  certainly  found  impossible  to  do  with  only  one  tower. 
In  that  case  two  towers  are  employed,  the  first  being  fed  with  the 
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acid  run  down  in  the  second  after  pumping  it  up  again.  An 
arrangement  decidedly  to  be  rejected  is  found  in  many  books  and 
in  a  few  badly  arranged  works,  where,  from  mistaken  economy, 
the  absorbing-tower  is  made  of  twice  the  usual  horizontal  section, 
and  divided  into  two  halves  by  a  partition,  in  order  to  pass  the 
gas  up  one  half  and  down  the  other.  The  saving  in  cost  as  against 
two  towers  or  a  tower  of  double  the  height  is  not  very  consider- 
able ;  on  the  other  hand^  that  half  of  the  tower  in  which  the  gas 
has  to  descend  is  almost  entirely  sacrificed,  because  here,  where 
the  gas  and  the  liquid  travel  in  the  same  direction,  their  mutual 
action,  as  experience  shows,  is  very  inconsiderable ;  both  mostly 
travel  downwards  peacefully  without  interference  and  arrive  at 
the  bottom  almost  unchanged.  The  arrangement  of  a  double 
tower  is  inadmissible  unless  the  partition  extends  right  through, 
and  the  gas  issuing  from  the  one  division  passes  downwards  by  a 
special  pipe,  and  is  allowed  to  ascend  again  in  the  second  division, 
and  thus  to  meet  the  acid  rain.  This  answers  the  same  purpose 
as  placing  two  towers  alongside  each  other. 

As  far  as  the  width  of  the  Gay-Lussac  tower  is  concerned,  it 
should  be  considerably  wider  than  an  empty  tube  of  sufficient 
diameter  for  the  current  of  gas,  not  merely  because  the  packing 
of  the  tower  occupies  a  large  portion  of  its  section  and  only  leaves 
a  small  portion  of  it  as  clear  space,  but  also  because  the  packing 
must  be  purposely  arranged  so  as  to  divide  the  current  of  gas  into 
a  great  many  separate  jets,  constantly  changing  their  direction, 
and  to  expose  them  to  the  largest  possible  amount  of  contact  with 
the  surfaces  of  the  packing  wetted  with  the  absorbing  liquid. 
The  tower  must  therefore  be  wide  enough  to  take  account  of  this 
purposely  increased  friction.      Furthermore,  it  has  to  be  con- 
sidered that  the  slower  the  current  of  gas,  the  more  time  will 
be  afforded  for  the  action  of  the  absorbing  liquid,  and  the  more 
perfect  the  latter  will  be.     This  would  lead  to  giving  the  tower  as 
wide  a  section  as  possible,  in  order  to  slacken  the  speed  of  the 
gaseous  current.      As,  for  the  reasons  stated  above,  this  plan 
cannot  be  utilized  very  much,  the  inference  is  that  a   certain 
middle  path  should  be  taken  :  a  tower  should  be  made  wide  enougli 
not  to  hinder  the  draught,  and  to  leave  sufficient  time  for  the 
contact  of  the  gas  and  the  liquid,  but  not  so  wide  that  the  liquid 
cannot  be  spread  equally  all  over  and  that  the  gas  can  go  past  it. 
Evidently  no  exact  calculations  can  be  made  as  to  the  proper 
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width ;  experience  only  can  decide  this  point.  Formerly  it  was 
assumed  that  ordinary  coke-packed  Gay-Lussac  towers  ought  not 
to  exceed  7  feet  in  width  in  order  to  secure  a  uniform  distribution 
of  the  gas  and  the  acids^  but  latterly  towers  up  to  14  feet  have 
been  erected  and  no  drawbacks  are  reported  to  have  been  caused 
by  this  extreme  width. 

The  dimensions  of  the  Gay-Lussac  tower  necessarily  correspond 
with  those  of  the  set  oE  chambers  to  which  it  belongs ;  its  cubical 
contents  should  be  at  least  1  per  cent,  of  the  chamber-space.  For 
sets  of  from  140,000  to  200,000  cubic  feet  the  column  might  be 
6  feet  in  width  and  50  feet  high ;  for  a  set  of  from  70,000  to 
100,000  cubic  feet  a  tower  from  4  to  5  feet  in  width  and  40  feet 
high  is  sufficient.  In  both  cases  it  is  best  to  give  the  tower  an 
additional  height  of  10  feet ;  there  will  be  all  the  more  saving  of 
absorbing  acid  the  higher  the  tower  and  the  longer  the  acid  has 
to  travel.  These  statements  refer  to  chambers  working  with 
pyrites  ;  with  brimstone  the  height  of  the  tower  need  not  exceed 
26  feet. 

Undoubtedly  a  larger  absorbing-space,  say  2  per  cent,  of  the 
chamber-space,  permits  working  with  a  larger  economy  of  nitre 
than  the  above-stated  sizes ;  in  the  case  of  large  sets  this  space 
will  mostly  have  to  be  divided  into  two  towers.  In  fact,  when 
the  absorbing-space  at  the  Jarrow  chemical  works  was  raised  to 
yO  cubic  feet  per  ton  of  pyrites  per  week,  which  amounts  to  about 
2  per  cent,  of  the  chamber-space,  the  consumption  of  nitre  was 
brought  down  from  145  to  105  part  per  100  parts  of  pyrites. 
Similar  results  have  been  obtained  elsewhere,  for  instance  at 
Runcorn. 

A  table  of  the  Gay-Lussac  and  Glover  spaces  employed  in 
Lancashire  works  in  1884  is  given  on  p.  467. 

At  the  Oker  works,  set  No.  1  (p.  462)  has  three  Gay-Lussacs 
working  parallel,  each  3  feet  9  inches  wide  and  32  feet  high, 
capacity  1300  cubic  feet  =1*09  per  cent,  of  the  cube  of  the 
chambers.  The  other  four  sets  have  similar  towers,  of  cubic 
capacities  =  1*30,  1*45,  1*70,  0*96  of  the  cube  of  the  chambers. 
They  are  packed  with  coke,  and  are  fed  with  acid  of  60°  B.  = 
142"'  Tw.,  100  to  130  per  cent,  of  the  daily  production.  In  one 
case  a  small  plate-tower  is  also  employed  as  preliminary  Gay- 
Lussac  tower,  with  excellent  results  (comp.  infra). 

At  the  different  works  belonging  to  the  Saint-Gobain  Chemical 
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Corapany  (the  largest  in  France)  the  real  working-space  (i.  e.  that 
occupied  by  the  coke  packing)  of  the  Gay-Lussac  towers  formerly 
amounted  to  rather  more  than  5  cnbic  metres  (say  180  cubic 
feet)  per  ton  of  pyrites  burnt  in  24  hours,  or  from  0*7  to  1 
per  cent,  of  the  chamber-space.  But  recently  this  has  been  very 
much  enlarged,  and  now  amounts  to  13  or  15  cubic  metres  (aay 
455  to  525  cubic  feet)  per  ton  of  pyrites,  or  from  2  to  3  per  cent. 
of  the  chamber-space,  with  a  special  view  to  '^  forced  work  *' 
(p.  472).  This  does  not  comprise  the  space  below  the  grates,  that 
above  the  packing,  and  that  occupied  by  the  brick  lining,  whilst 
in  most  other  statements  the  whole  space  within  the  leaden  shell 
is  included. 

The  foundations  of  the  tower  must,  of  course,  be  very  substan- 
tial, and,  if  possible,  constructed  in  such  a  way  that  any  acid  run- 
ning over  will  not  damage  them.  It  is  perferred  to  place  the 
towers  high  enough  to  avoid  the  gas  from  the  last  chamber  having 
to  descend  towards  the  tower  ;  if,  however,  the  chambers  are  very 
high  above  the  ground,  this  would  involve  considerable  difBculty 
and  expense,  and  the  tower  is  then  raised  only  high  enough  above 
the  ground  to  leave  a  natural  fall  from  its  bottom  to  an  acid- 
tank,  and  from  this  to  the  pumping-apparatus  for  the  nitrous 
vitriol. 

The  foundations  usually  consist  of  a  solid  block  of  brickwork  or 
stones,  or  else  of  two  strong  pillars  surmounted  by  an  18-inch 
arch.  Sometimes  cast-iron  columns  are  employed,  on  which  are 
placed  iron  girdei's,  and  crossways  on  these  iron  T-shaped  bearers 
(usually  railway-rails),  close  together  so  as  to  form  a  continuous 
platform.  These  (as  well  as  any  brick-  or  stonework)  must  be 
well  painted  with  (frequently  renewed)  tar-paint,  and  must  be 
covered  at  the  top  by  a  leaden  apron,  which  directs  all  the  drips 
past  the  pillars  into  a  safe  place,  where  the  foundations  or  pillars 
cannot  be  touched  by  it.  (The  same  plan  should  be  followed  with 
the  foundations  of  Glover  towers.) 

The  framework  of  Gay-Lussac  towers  is  sometimes  made  of 
angle-iron,  but  much  more  frequently  of  timber.  In  the  case  of 
towers  of  an  angular  section  such  frames  are  constructed  in  the 
usual  way,  as  is  seen  in  our  diagrams  of  Gay-Lussac  towers. 
Circular  towers  of  moderate  section  are  best  made  with  a  frame 
of  four  uprights,  placed  in  the  corners  of  a  square;  to  these,  at 
every  6  feet  of  height,  metal  brackets  are  fixed ;  from  these  are 
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uspeuded^  by  means  of  hooks^  broad  iron  hoops  (say  3  iuches 
wide),  which  closely  gird  the  tower  and  support  its  lead  shell. 
Wide  towers  are  built  like  circular  Glover  towers  (see  below) . 

The  timber  frame  must  be  kept  clear  of  the  lead,  just  as  in  the 
case  of  the  vitriol-chambei's  (p.  428) ;  this,  of  course,  is  even  more 
necessary  in  the  case  of  the  Glover  tower  (see  below). 

In  most  cases  the  Gay-Lussac  tower  is  made  of  lead.  The 
lead  in  continental  works  is  often  made  unnecessarily  thick, 
from  14  to  28  lb.  to  the  square  foot  ;  in  British  works  it  is  often 
no  more  than  7  lb.  or  even  6  lb.  to  the  square  foot,  like  the 
chamber-lead.  It  is,  however,  better  to  make  it  of  8-lb.  lead,  the 
bottom  being  a  pound  or  two  stronger.  There  is  no  reason  why 
the  lead  should  be  stronger  than  this  :  the  gas,  as  well  as  the 
acid,  in  this  apparatus  are  only  moderately  warm,  and,  indeed, 
should  be  as  cool  as  possible ;  nor  is  the  lateral  pressure  of  the 
coke,  if  properly  packed,  so  great  fliat  it  need  cause  any  fear. 
At  any  rate  the  lead  sides  are  necessarily  supported  by  a  frame. 
Both  circular  and  square  towers  are  found ;  the  former  take  less 
lead  for  the  same  area.  They  are  frequently  lined  inside  with 
bricks,  which  are  put  in  dry  along  with  the  packing;  ''split 
bricks ''  of  1  inch  thickness  are  often  employed  for  this  purpose, 
lest  too  much  space  should  be  lost.  The  object  of  this  lining  is  to 
prevent  the  coke  from  cutting  the  lead  in  settling  down.  It  seems 
hardly  worth  while  to  go  to  the  expense  of  the  lining,  and  at  the 
same  time  to  lessen  the  area  of  the  tower,  for  such  a  small 
matter,  which  can  be  easily  remedied  by  putting  on  a  patch  of 
lead  ;  the  lateral  pressure  of  the  coke  can  only  be  avoided  by 
making  the  lining  9  inches  thick,  which  is  rarely  done,  as  it  wastes 
too  much  space. 

In  the  case  of  square  towers,  the  sheets  forming  the  sides  should 
be  in  one  piece  from  top  to  bottom.  They  are  best  put  up  by 
placing  the  roll  of  lead  on  the  level  of  the  tower-bottom,  unrolling 
it,  supporting  the  remainder  of  the  roll  as  it  rises  upwards  and 
putting  the  straps  in  their  places  as  the  roll  goes  up.  This  is  a 
much  safer  plan  than  the  other :  hoisting  the  whole  roll  of  lead 
to  the  top  and  allowing  it  to  unroll  gradually,  fixing  the  straps  all 
along. 

The  sheets  forming  the  sides  should  be  turned  over  at  the 
corners  in  order  to  make  a  joint  with  the  next  sheet  (fig.  247). 
The  overlaps  of  the  seams  must,  in  every  case,  be  placed  outside 
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(also  in  the  case  of  the  Glover  tower) ;  otherwise  they  would  be 
qaickly  destroyed.  The  bottom  is  made  of  a  siugle  sheets  the 
foar  edges  being  turned  up  to  form  the  upstand.     The  corners  are 


Fig.  247. 


•-f 


not  cut  out  and  burnt,  but  are  simply  folded  up  as  shown  iu 
fig.  248. 

Circular  towers  are  built  up  of  annular  drums,  one  above  the 
other,  each  being  supported  by  straps  nailed  to  the  upright  posts, 
or,  preferably,  fixed  in  such  a  way  that  the  overlap  of  the  seam  is 
tamed  over  three-inch  iron  hoops  suspended  from  the  uprights 
{p.  581).     This  plan  at  the  same  time  protects  the  hoops  and 

Fiir.  -248. 


gives  an  excellent  stay  to  the  tower.  If  there  are  more  than  four 
upright  posts,  one  or  more  of  them  must  be  left  out  during  the 
building  of  the  tower,  to  get  the  leaden  drums  in. 

In  the  south  of  France  octagonal  6ay-Lussac  towers  are  in 
use,  built  of  Volvic  lava  (see  later  on),  like  a  hydrochloric-acid 
condenser,  without  any  lead  shell. 
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All  Gay-Lussac  towers  have  an  internal  filling  {'^ packing'^), 
which  at  one  time  mostly  consisted  of  coke.  This  material  was 
formerly  regarded  as  the  best  for  this  purpose,  because  its  irregular 
shape  and  rough  surfaces  offer  to  the  gas  a  very  large  area  of 
contact  with  the  liquid.  An  advantage  which  coke  also  has  over 
other  materials^  as  pieces  of  glass,  earthenware,  flints,  &c.,  is  its 
comparatively  light  weight.  But  two  other  advantages  sometimes 
claimed  for  it,  viz.  porosity  and  resistance  to  chemical  action,  are 
non-existent.  The  contention  that  coke,  owing  to  its  porosity, 
offers  a  great  many  internal  surfaces  for  the  contact  between  the 
gas  and  the  liqiiid  is  erroneous.  In  the  first  place,  porous  coke  is 
worthless  for  a  coke-tower,  for  which  dense  coke  is  indispensable ; 
secondly,  the  pores  would  at  once  be  filled  with  liquid,  which  thus 
would  not  come  into  contact  with  the  gas  passing  outside.  Tt 
is  not  owing  to  its  porosity,  but  to  its  rougher,  more  irregular,  and 
therefore  much  larger  surface,  that  coke  is  preferable  to  broken 
glass  or  earthenware,  &c. 

It  is  necessary  to  be  very  careful  in  the  selection  of  the  coke. 
Gas-coke  is  of  no  use  at  all  here,  only  the  hardest-burnt  oven-coke, 
giving  a  clear  ring  and  as  little  porous  as  possible,  of  a  silvery 
white,  not  of  a  dull  black.  It  must  be  carefully  packed  and  all 
dull  black  pieces  rejected.  First  only  the  large  pieces,  a  foot 
and  upwards  in  length,  are  picked  out  ,•  these  are  placed  in  hori- 
zontal layers  directly  over  the  grating  of  the  tower,  crossing  each 
other  if  possible  -,  each  piece  must  be  placed  by  hand,  inconvenient 
as  it  is  that  the  workman  has  to  be  lowered  down  from  the  top  to 
the  bottom  of  the  tower,  and  must  I'cceive  his  material  in  the 
same  manner.  Thus  the  first  third  of  the  tower  is  packed ;  then 
come  the  pieces  next  in  size;  and  for  the  last  third  the  smaller 
lumps  may  be  used,  and  may  be  simply  emptied  in  out  of  baskets. 
Nothing,  however,  is  allowed  to  go  into  the  tower  which  lias  not 
been  sifted  on  a  riddle  with  three-inch  holes.  Unless  a  coke- 
tower  is  packed  most  carefully,  either  the  draught  through  it  will 
be  impeded,  or  there  will  be  too  much  way  left  for  the  gas,  or,  in 
the  most  frequent  and  worst  case,  the  packing  will  be  too  loose  in 
some  places  and  too  dense  in  others,  and  thus  there  will  be  bad 
absorption  along  with  bad  draught. 

Soft  porous  coke  has  to  be  rejected  for  two  reasons  :  first,  it 
cannot  support  the  pressure  of  the  superjacent  column  without 
being  crushed,  thus  stopping  the  draught ;  secondly,  such  soft  coke 
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is  soon  acted  upon  by  nitrous  vitriol^  and  is  eventually  converted 
into  a  thick  paste ;  this  is  very  bad  for  the  draught,  and  may 
necessitate  repacking  tlic  tower.  It  also  imparts  a  dark  brown, 
at  first  nearly  black,  colour  to  the  acid  run  through  the  tower  for 
a  considerable  time  (several  months)  after  a  tower  has  been 
freshly  packed. 

The  claim  formerly  made  for  coke,  that  it  is  not  acted  upon 
by  the  gases  or  liquids  within  the  Gay-Lussac  tower,  must  be 
declared  untenable  even  for  the  hardest-burnt  coke,  since  I  have 
shown  (J.  Soc.  Chem.  Ind.  1885,  p.  31)  that  the  I'eason  why 
"nitrous  vitriol"  never,  except  under  totally  abnormal  circum- 
stances, contains  any  nitric  acid,  even  when  the  gases  entering 
into  the  tower  had  contained  NjOi,  is  this,  that  the  coke  reduces 
the  nitric  acid  originally  formed  from  the  N2O4  to  nitrososulphuric 
acid  ;  this  takes  place  slowly  at  ordinary  temperatures,  but  very 
quickly  and  completely  at  slightly  higher  ones  (30°  to  40°  C). 

In  a  subsequent  investigation  (Zeitschr.  fv  angew.  Chem.  1890, 
p.  195)  I  have  shown  that  the  action  goes  further^  and  that 
nitrous  acid  is  reduced  bv  the  action  of  coke  to  nitric  oxide,  with 
formation  of  carbon  dioxide.  It  is  true  that  at  the  ordinary,  or  at 
a  slightly  raised,  temperature  this  action  is  only  very  slow ;  but 
even  then  it  is  quite  perceptible,  and  at  temperatures  above  70°  it 
becomes  very  strong  (comp.  p.  231).  This  no  doubt  accounts  for 
some  of  the  losses  in  the  manufacture  of  sulphuric  acid,  and  it 
would  seem  to  speak  in  favour  of  employing  a  description  of 
packing  which  is  not  acted  upon  by  the  nitre  in  any  way.  In 
fact,  at  some  works  the  ordinary  coke-towers  must  be  repacked 
every  year,  and  in  places  where  the  coke-packing  has  been  replaced 
by  cylinders  of  hard  stoneware,  the  nitrous  vitriol  is  very  much 
stronger  than  with  coke-packing  under  similar  circumstances. 

Hallwell  (Chem.  Zeit.  1893,  p.  263)  noticed  a  distinct  saving  of 
nitre  when  he  replaced  the  coke-packing  by  stoneware. 

Of  course,  dense  coke  is  less  acted  upon  than  porous  coke  (as 
distinctly  proved  once  more  in  my  experiments) ;  the  latter  does 
not  even  resist  the  action  of  pure  concentrated  sulphuric  acid 
without  disintegration.  But  in  the  end  all  coke  is  gradually 
wasted,  and  long  before  this  is  done  to  such  an  extent  that  the 
real  loss  of  weight  would  make  it  necessary  to  replenish  the 
tower,  the  mud  formed  by  the  disintegration  of  part  of  the 
ooke  stops  up -the  draught  to  an  intolerable  extent.     Flushing 
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the  tower  with  water  is  sometimes  a  remedy,  but  is  far  from 
being  always  efficacious. 

In  the  case  o£  very  tali  towers,  sometimes  one  or  two  grids  are 
interposed  at  various  heights  for  supporting  the  upper  layers  of 
the  coke.  These  grids  are  made  of  iron  bars  cased  in  lead. 
Unless  they  are  very  carefully  arranged,  as  will  be  shown  in  our 
drawings,  they  may  go  down  with  the  coke  packing,  as  the  latter 
gradually  sinks  down,  and  may  do  more  harm  than  good. 

The  drawbacks  notoriously  existing  in  the  case  of  coke-packed 
Gay-Lussac  towers  have  long  since  led  to  the  employment  of 
other  styles  of  packing ;  short  cylinders  of  acid-proof  stoneware 
are  mostly  used,  of  which  we  shall  speak  in  detail  when  describing 
the  Glover  tower.  Other  stoneware  bodies,  as  Guttmanii^s  or  the 
Bettenhausen  balls  or  cones  (p.  500),  are  equally  used. 

Comp.  also  the  stoneware  apparatus  of  Kypke  (G.  P.  97,208) 
and  of  the  Priedrichsfeld  ceramic  works  (G.  P.  89,025) ;  Fischer's 
Jahresb,  1898,  p,  327. 

The  Bhenania  works  at  Stolberg,  when  packing  Gay-Lussac 
towers  with  cylinders  alone,  found  that  the  stock  of  acid  was  not 
sufficient  to  provide  for  irregularities  of  work.  They  find  it  pre- 
ferable to  combine  cylinder  with  coke  packing,  the  former  at  the 
bottom,  the  latter  in  the  upper  part  of  the  towers.  If  the  pieces  of 
coke  are  not  too  small,  there  is  no  stopping  up  by  mud,  and  such 
a  tower  may  go  for  many  years  (information  received  in  1902). 

An  exceedingly  suitable  apparatus  for  this  purpose  is  the  plate- 
tower,  described  p.  4f87  et  seq.  Liity  (Zsch.  angew.  Chem.  1897, 
p.  4-85)  gives  reports  from  eleven  various  firms,  in  Germany, 
Austria,  England,  America,  and  Russia,  which  have  erected 
plate-columns  as  Gay-Lussac  towers  and  which  are  perfectly 
satisfied  with  the  results.  Niedenfuhr  (Chem.  Zeit.  1897,  p.  20) 
quotes  reports  from  factories,  showing  that  the  loss  of  draught 
with  plate-towers  is  much  less  than  with  coke-towers  (only 
1*5  mm.),  and  that  the  former,  if  combined  with  the  latter, 
work  with  less  nitre  and  more  acid  producticm  than  coke- 
towers  alone,  especially  by  the  equalization  of  disturbances  in 
the  work. 

A  very  good  plan,  where  several  sets  of  chambers  are  at  work 
in  the  same  factory,  is  to  provide  each  set  with  a  first  Gay-Lussac 
tower  in  the  shape  of  a  "Lunge  tower"  and  to  convey  the 
gases  from  all  these  into  a  large  central  coke-tower;  the  large 
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quantity  of  weak  nitrous  vitriol  employed  in  the  latter  is  then 
employed  for  feeding  all  the  plate-tower  Gay-Lussacs  of  the  indi- 
vidual sets  (comp.  p.  603,  the  Griesheim  system  of  centralizing  the 
Gay-Lussac  towers).  In  this  case  the  action  on  the  coke  is 
altogether  insignificant,  owing  to  the  low  temperature  and  the 
slight  amount  of  nitre  in  the  central  coke-tower. 

A  Lunge  tower  of  15  or  20  feet  does  the  same  work  as  a  much 
wider  coke-tower  of  30  or  40  feet,  and  causes  only  a  quarter  or  a 
sixth  of  the  loss  of  draught  produced  by  the  coke-tower  (Nieden- 
fuhr,  1902). 

The  combination  of  plate- towers  and  a  large  central  coke-tower 
has  the  further  advantage  that  any  inequalities  of  work  are  thus 
made  practically  harmless,  and  the  only  real  objection  to  plate- 
towers,  viz.  the  small  stock  of  acid  which  they  contain,  is  thus 
completely  avoided.  As  these  towers  are  so  low,  it  will  be  possible 
in  most  eases  to  place  their  tops  at  a  slightly  lower  level  than  the 
bottom  of  the  coke-tower  and  to  feed  them  directly  with  the  acid 
running  from  the  latter  without  the  necessity  of  again  pumping 
up  the  weak  nitrous  vitriol. 

Among  English  acid-makers,  coke-packing  seems  to  be  still 
preferred  to  all  others,  as  shown  by  an  enquiry  made  in  1900  by 
Messrs.  P.  Spence&  Sons  (Chem.  Trad.  Journ.  xxvii.  p.  262) ;  but 
their  reasons  are  not  very  conclusive,  and  the  just-mentioned  firm 
has  itself  decided  for  an  improved  brick  packing.  No  doubt 
some  of  the  towers  packed  with  bricks  or  cylinders  have  not 
answered  their  purpose,  because  the  packing  was  too  loose  and 
nothing  like  as  efficient  for  surface  contact  as  coke  packing ;  but 
long  experience  has  now  shown  that  the  latter,  whose  chemical 
drawbacks  have  been  pointed  out  before,  can  be  replaced  by 
chemically  indifEerent  stoneware,  if  moulded  into  proper  shape 
(*'  Lunge  plates,'^  "  Guttmann  balls,'^  &c.),  and  that  in  this  way 
the  towers  can  be  made  very  much  smaller  than  coke-towers,  one- 
sixth  to  one-tenth  or  even  less. 

Repacking  Gay-Luasac  towers, — Coke-towers,  owing  to  the 
above-described  circumstances,  must  be  emptied  and  repacked 
from  time  to  time.  This  must  be  done  with  great  care,  on  account 
of  the  nitrous  gas  present  in  the  towers,  which  is  very  poisonous. 
Since  accidents  have  happened  through  the  gases  remaining  in 
the  tower,  official  rules  have  been  laid  down  in  Germany,  of  which 
the   principal    points   are   the   following: — Before   repacking   is 
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corameneed,  the  tower  must  be  completely  disconnected  from  the 
chambers,  but  the  connection  with  the  chimney  must  be  left  open. 
The  tower  must  now  be  washed  first  with  sulphuric  acid,  then 
with  water  or  steam,  until  the  liquid  running  off  tests  at  most 
no  more  than  3°  Be.  (1*022).  During  the  taking-out  of  the  coke 
there  must  always  be  draught  into  the  chimney :  when  unpacking 
from  below  the  draught  should  act  from  the  top ;  when  unpacking 
from  the  top  the  draught  should  act  from  the  bottom.  If  this 
cannot  Ije  done,  the  cover  must  be  removed  and  a  large  hole 
cut  in  the  side  at  the  bottom.  Towers  packed  with  coke  must  be 
unpacked  from  the  side  and  from  without,  in  the  case  of  tali  towers 
on  different  levels.  The  packing  material  must  be  immediately 
removed.  The  workmen  must  be  provided  with  mouth-sponges, 
respirating-apparatus,  india-rubber  gloves,  &c.  Before  removing 
the  mud  collected  at  the  bottom  it  must  be  stirred  up  from 
without  with  water,  and  this  must  be  repeated  if  nitrous  vapours 
are  evolved.  Men  suffering  from  lung-  or  heart-disease  should 
not  be  employed  in  this  kind  of  work. 

The  English  Alkali  Report,  No.  31,  p.  90,  mentions  a  fatal 
accident  which  occurred  in  repacking  a  well-washed  and  unpacked 
Gay-Lussac  tower,  and  which  was  evidently  caused  by  the  nitre- 
gas  retained  by  the  old  briek-lining.  It  is  therefore  recommended 
to  ventilate  the  towers  in  all  cases  from  the  top  downwards  during 
unpacking  and  repacking. 

Special  rules  have  been  more  recently  officially  laid  down  in 
Germany  for  repacking  Gay-Lussac  and  Glover  towers  (Chem. 
Ind.  1897,  p.  365). 

The  '  Chemical  Trade  Journal,'  published  at  Manchester, 
supplies  posters  for  fixing  up  at  chemical  works,  containing  Rul€» 
for  Dealing  loith  Dangerous  Gases,  of  which  the  following  is  an 
abridged  abstract. 

No  person  may  enter  a  boiler,  tank,  drain,  vitriol-chamber,  or 
tower,  except  provided  with  a  suitable  respirator  in  good  condition. 
If  the  gases  cannot  be  absorbed,  the  men  must  be  provided  with  a 
face-piece  supplied  with  air  or  oxygen.  They  must  be  secured 
round  the  waist  by  a  rope,  and  a  man  must  be  in  attendance  to 
render  assistance  if  necessary.  If  a  man  is  '^  gassed,^'  he  must  be 
speedily  removed  into  the  open  air,  and  placed  in  a  warm,  well- 
ventilated  place.  In  bad  cases  an  oxygen  bottle  (never  to  be  used 
without  a  reducing- valve  !)  and  lung  exercise  must  be  employ edi 
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If  the  man  is  conscious,  the  valve  is  very  slightly  turned  on  and  the 
oxygen  introduced  into  his  mouth  by  a  glass  tube.  If  uncon- 
scious, the  tube  is  put  in  one  corner  of  the  mouth,  closiug  the  lips 
round  it  and  producing  artificial  respiration  in  the  usual  way ;  if 
the  teeth  are  set,  put  the  tube  in  one  of  the  nostrils.  The  '^  lung 
exercise  *'  (described  in  detail  in  the  '^  Poster  '^)  is  the  same  as 
that  used  in  the  case  of  accidents  by  drowning;  it  is  not  often 
necessary. 

Complete  design  of  a  Gay-Lussac  Coke-towei*, 

In  our  second  edition,  pp.  520-523,  a  description  and  illustrations 
are  given  of  a  Gay-Lussac  tower,  as  functionating  at  Freiberg  many 
years  ago.  In  lieu  of  this  we  shall  here  give  a  design  of  a  modern 
coke-tower,  as  carried  out  by  H.  H.  Niedenfiihr,  figs.  249  to  253. 
Fig.  249  is  a  sectional  elevation,  fig.  250  another  at  right  angles 
to  it,  fig.  251  a  sectional  plan  on  the  plane  EF,  fig.  252  on 
tlie  plane  6H,  on  a  scale  of  1  :  100,  and  fig.  253  a  plan  of  the 
network  below  the  saucer. 

The  tower  stands  on  strong  brick  pillars  (or  else  cast-iron 
columns),  with  an  arched  top.  Above  this  follows  a  hollow 
network  x  of  acid-proof  brickwork,  serving  as  cooling  channels 
for  the  wooden  floor  jzr,  the  outside  of  which  is  provided  wjth  the 
circular  4ead  spout  y,  which  keeps  any  acid  running  over  awav 
from  the  foundations.  Six  wooden  uprights,  to  tv,  form  the 
scaffolding  for  the  leaden  shell  of  the  tower;  they  are  tied  at  top 
and  bottom  by  cross  pieces,  v  v,  forming  a  hexagonal  frame. 
Cast-iron  brackets  fixed  in  ww  support  the  lead  sides  of  the 
tower,  keeping  these  at  a  distance  of  1  inch  away  from  the 
wood. 

The  bottom  of  the  tower  is  formed  by  a  lead  dish,  u  w,  with  a 
margin  6  inches  high ;  this  is  made  of  lead  6  mm.  thick  =  14  lb. 
to  the  square  foot.  The  sides  and  top  are  made  of  lead  3  mm. 
thick  =  7  lb.  to  the  square  foot.  The  inside  of  the  tower  is  lined 
at  the  bottom,  up  to  the  top  of  the  grate,  with  13- inch  brickwork 
above  that  7  feet  high  with  9-inch  brickwork,  above  this  12  feet 
)iigh  with  4^-inch  brickwork ;  the  remainder  of  the  shell  up  to 
the  top  has  no  lining.  The  lining  is  everywhere  kept  an  inch 
away  from  the  lead. 

The  lead  bottom  is  protected  by  thin  acid-proof  slabs.  On 
these  are  erected  pillars,  c,  6,  which  carry  the  stoneware  grids  c,  d 
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each  consisting  of  three  pieces,  supported  by  the  recesses  of  the 
pillars  as  shown  in  the  drawing.  These  bearers  are  5  inches  wide, 
16  inches  high,  and  leave  open  spaces,  ee,  between  them,  7  inches 
wide.  They  are  bridged  over  by  the  bricks,  g  g,  which  support 
the  packing  formed  of  cylinders,  to  a  height  of  7  feet.  The 
cylinders  (about  which  comp.  p.  586)  are  placed  as  shown  in 
fig.  251,  so  that  each  of  them  stands  on  the  crossing-point  of  four 
other  cylinders.  On  the  top  of  this  packing  there  is  a  lead-covered 
cast-iron  grid,  h  h  (40  X  100  mm.),  upon  this  12  feet  high  of  coke- 
packing,  then  another  grid,  i  i,  and  again  nearly  12  feet  coke- 
packing.  The  top  is  formed  by  a  shallow  lead  dish  5  mm.  thick, 
2  inches  deep,  with  a  number  of  acid  '^  lutes,'^  k  k,  sealed  by  small 
cups,  and  fed  from  the  long  spouts,  //,  which  have  as  many  lips  as 
there  are  lutes  to  feed. 

This  tower  is  9  ft.  4  in.  wide  and  41  ft.  high  within  the  lead ; 
the  inlet  and  outlet  pipes  are  25^  inches  wide  each. 

Falding  (Min.  Ind.  vii.  p.  691)  gives  a  design  of  a  Gay-Lussao 
tower  which  does  not  essentially  differ  from  the  above. 

Both  the  inlet  and  outlet  pipes  of  the  Gay-Lussac  should  be 
provided  with  a  contrivance  for  the  observation  of  the  colour  of 
the  gas  before  and  after  its  passage  through  the  tower — say, 
two  glass  panes  placed  opposite  to  each  other;  or  a  portion  of 
each  of  the  two  pipes  may  be  made  of  glass.  The  gas  ought  to 
be  of  a  ruddy  colour  before  entering  the  tower,  and  perfectly 
colourless  after  leaving  it.  It  is  a  very  good  plan  to  make  the 
"  sight  '^  in  the  shape  of  a  narrow  lead  box,  6  or  7  feet  long,  with 
glass  panes  at  the  opposite  small  ends.  In  this  case  the  colour  is 
seen  through  a  deep  layer  of  gas,  and  any  admixture  of  yellow 
vapours  is  much  more  easily  discovered  than  with  the  ordinary 
small  sights. 

Other  Nitre-recovei'y  Apparatus  on  the  same  principle  as  that 

of  Gay-Lussac. 

Instead  of  the  Gay-Lussac  tower  in  some  works,  but  rarely 
in  large  ones,  and  altogether  only  exceptionally,  absorbing-appa- 
ratus composed  of  Woulf^s  bottles  are  used.  Two  different  arrange- 
ments of  this  kind,  which  are  quite  obsolete  now,  are  described 
and  illustrated  in  our  first  edition,  pp.  ^l^Ol  to  403. 

^lore  important  than  this  are  the  proposals  to  retain  the  form 
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of  ao  absorbing- tower  or  column,  but  to  make  tbem  iti  a  cheaper 
or  else  in  a  more  rational  way  than  the  urdinaiy  large  coke-tower. 
Id  our  first  editiou  (pp.  377  and  378]  two  suc)i  un-angcments  are 
illustrated,  both  of  them  consisting  of  stoneware  pipes ;  but  it  is 
useless  to  repeat  their  description  here,  as  they  have  not  been 
practically  tried  or  else  act  too  imperfectly. 

l-ig.  --■.4. 


^ 


A  very  useful  addition  to  Gay-Lusaac  towers,  especially  where 
they  are  not  sufBciently  large,  was  contemplated  by  the  apparatus 
invented  by  F.  Benker,  and  patented  by  the  Soo.  An.  de  Produits 
Chimiques  de  Javel  (E.  P.  10,871,  of  1884;  J.  Soc.  Chem.  Ind. 
1885,  p.  456).  A  small  lead  tower  is  placed  in  the  way  of  the 
gases  before  entering  the  ordinary  Gay-Lussac  coke-tower.  On 
its  bottom  there  is  a  grid,  covered  with  a  little  coke,  mereir  to 
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flistribute  the  gases.  On  the  top  there  are  several  spray-producers, 
of  the  shape  shown  on  p.  540^  fig.  227^  made  of  platinum,  bv 
which  a  fine  rain  of  sulphuric  acid  is  produced  in  the  tower. 
The  gases  passing  through  it  yield  up  a  large  portion  of  their 
nitrous  acid,  so  that  much  less  work  remains  for  the  Gay-Lussac 
tower  to  do.  This  plan  has  been  tried  at  several  works,  but  with 
only  moderate  success.  Probably  the  acid-drops  fall  down  too 
quickly,  before  the  gases  have  had  sufficient  time  to  act  upon 
them. 

The  apparatus  for  absorbing  gases  by  liquids,  patented  by  Hoff- 
mann and  Carlisle  (G.  P.  48,283),  is  shown  in  figs.  254  &  255. 
It  consists  of  a  column  or  tower,  fitted  with  groups  of  spouts,  a  a, 
inclined  in  opposite  directions,  in  connection  with  overflow  vessels, 
i  b.  This  apparatus  is  also  intended  to  make  sulphuric  acid  from 
sulphur  "evaporating"  at  the  same  time  with  nitric  acid,  both  of 
them  being  forced  into  the  apparatus  by  an  injector,  while  the 
''spent  gases"  are  forced  back  by  another  injector  into  the  sulphur- 
chamber.  It  is  not  stated  what  material  this  apparatus  is  to  be 
made  of,  and  the  very  curious  proposal  for  making  sulphuric  acid 
last  described  will  suffice  for  judging  of  its  technical  value. 

Very  similar  to  this  is  the  apparatus  of  Izidore  &  Biscons 
(E.  P.  19,907, 1898),  which  contains  inclined  channels  attached  to 
the  sides  of  a  chamber  through  which  sulphuric  acid  is  run  for 
the  purpose  of  absorbing  the  nitrous  vapours. 

Distribution  of  the  Feeding.acid. 

In  this  process  it  is  of  great  importance  that  the  supply  of  sul- 
phuric acid,  which  is  to  deprive  the  gases  of  their  nitrous  acid,  be 
exactly  regulated,  and  that  from  the  beginning  this  acid  be  spread 
equally  over  the  coke ;  otherwise  too  much  sulphuric  acid  may  be 
used,  and  yet  the  gas  may  pass  through  the  tower  without  giving 
up  the  whole  of  its  nitrous  acid.  Special  care  must  therefore  be 
taken  in  the  construction  of  the  apparatus  for  spreading  the  acid. 
At  one  time  this  was  performed  by  a  number  of  small  taps  which 
evidently  cannot  be  regulated  for  a  very  slight  flow  without 
danger  of  being  stopped  up,  or  by  ^'  tumbling  boxes  "  and  the 
like. 

A  much  better  arrangement  is  shown  in  figs.  249  &  250; 
substantially  the  same  as  will  be  described   later  on.     We  shall 
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here  describe  another  arrangement  for  distributing  the   acid^ 
which  was  originally  applied  at  the  Aussig  chemical  works  by 
Mr.  Schaffner^  namely  the  acid-wheeL    In  this  the  supply  oE 
acid  is  regulated  by  a  single   tap,  which   can  be  opened  wide 
enough  to  prevent  it  being  so  easily  obstructed  as  the  sixteen 
small  taps  in  the  former  arrangement.     Fig.  256  represents  this 
apparatus  on  a  scale  of  1  :  25.     In  the  top  of  the  tower  there 
are  sixteen  holes,  c,  through  which  the  acid  trickles  on  to  the 
coke  below.     Each  hole  has  an  upstanding  rim  about  1^  inch  in 
height,  which  is  covered  by  a  lead  cap,  nicked  at  the  bottom  in  a 
few  places  to  the  depth  of  |  inch,  so  that  the  acid  can  pass  through 
without  hindrance.    As  soon  as  the  top  of  the  tower  is  covered  with 
acid  to  the  depth  of  that  rim,  the  acid  runs  over  into  the  inside  of 
the  tower ;  but  no  gas  can  escape  through  the  holes,  as  they  are 
luted  with  acid.     The  spreading  of  the  acid  is  effected  by  a  small 
reaction-wheel  U,  fed  from  the  tank  T  by  the  tube  a  and  the  tap  b, 
which  regulates  the  supply.    The  lower  part  of  the  wheel  and  the 
two  arms  consist  of  lead ;  in  this  is  fixed  above  a  strong  glass  tube, 
and  below  another  short  glass  tube,  drawn  out  to  a  point  which 
runs  in  a  socket  of  glass  or  lead.     One  of  the  arms  is  also  fitted 
with  a  glass  tube,   from  which  the  acid  runs  out.     There  is  a 
guide,  consisting  of  two  paralled  rods  of  lead  or  of  wood  covered 
with  lead,  which  rest  on  frames  fixed  in  the  holes  e  e  oi  the  top- 
frame,  and  on  which  four  glass   tubes  are  placed  close  to  the 
upright   column   of  the  apparatus,  so  that   they  form  a   square 
within  which  the  column  revolves.     As  soon  as  the  column  is 
filled  with  acid,  the  wheel  revolves  regularly,  the  liquid  running 
out  of  the  open  arm.     On  the  quantity  of  the  acid  run  in  depend 
the  height  to  which  the  column  is  filled  and  the  velocity  of  its 
revolution.    The  axle  of  the  wheel  is  exactly  in  the  centre  of  the 
tower ;  and  a  cylinder  of  lead  about  4  inches  in  height  is  burnt  to 
the  top  of  the  tower,  so  as  to  prevent  the  acid  from  getting  to  the 
centre.     From  this  cylinder  sixteen  radial  ledges  d,  also  made  of 
lead  and  burnt  to  the  top-lead  of  the  tower,  branch  off  at  equal 
distances.    These  are  continued  in  a  straight  line  as  far  as  the 
periphery  of  an  imaginary  circle,  beyond  which  the  wheel  cannot 
discharge  any  acid^  and  then  alter  their  direction ;  so  that  between 
each  two  of  them  one  of  the  above-mentioned  sixteen  holes  is 
placed^    Thus  the  top  of  the  tower  is  divided  into  sixteen  com- 
partments, each  of  which  contains  an  opening  for  running  off  the 
VOL.  I.  2q 
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acid,  and  all  of  whicli  are  fed  by  the  wheel  with  an  equal  quantity 
of  acid. 

In  England  the  spreading-apparatus  is  generally  made  alto- 
gether of  lead;  we  shall^  further  on,  give  a  drawing  of  such  a 
spreading- wheel  in  the  description  of  the  Glover  tower. 

Since  it  happens  now  and  then  that  the  reaction- wheel  stops^ 
especially  with  a  small  feed  of  acid,  the  arrangement  of  Seybel,  at 
Liesing  near  Vienna,  can  be  recommended,  by  which  the  wheel  at 
each  revolution  strikes  against  a  bell  audible  from  below. 

Even  the  best-constructed  acid-wheels  are  liable  to  get  stopped 
now  and  then,  and  this  sometimes  causes  a  great  deal  of  trouble  if  it 
is  not  at  once  perceived,  as  the  tower  then  ceases  to  work  properly 
and  much  nitre  gets  lost.  Hence  a  new  system  has  been  pretty 
generally  introduced,  which  works  quite  as  well  as  the  acid-wheels, 
without  a  mechanical  movement  liable  to  get  disturbed.  It  con- 
sists in  running  the  acid  into  a  vessel  provided  with  a  number  of 
overflows  kept  exactly  at  the  same  level,  each  of  these  communi- 
cating with  a  separate  pipe  which  leads  the  acid  into  the  tower. 
This  "system  can  be  carried  out  in  a  variety  of  ways,  one  of  the 
best  of  which  is  shown  in  fig.  257,  as  seen  from  above^  fig.  258  in 
transverse  section,  fig.  259  in  perspective  view,  with  the  sides 
partly  cut  away.  From  the  top  a  the  liquid  runs  into  the  central 
vessel  A.  The  cover  b  is  not  exactly  necessary,  but  is  best  pro- 
vided^ and  is  made  loose,  so  that  the  interior  of  A  is  easily  accessible. 
The  cylinder  A  is  nicked  at  the  bottom,  so  that  it  communicates 
with  the  wider  but  lower  trough  B.  This  is  provided  all  round  its 
circumference  with  overflow-lips  {c  c),  which  may  be  close  to  one 
another ;  sometimes  30  or  40  of  these  are  made.  They  must  be 
arranged  in  such  a  way  that  when  B  is  once  filled^  all  the  over- 
flows, c  c,  function  precisely  alike ;  this  can  be  easily  attaiued 
by  dressing  the  lead  of  the  lips  a  little  up  or  down,  as  the 
case  may  be.  Once  right,  they  always  act  in  the  same  manner. 
The  trough  B  is  surrounded  by  the  wider  trough  C,  which  is 
divided  into  as  many  cells  as  there  are  lips  in  B.  Each  cell  is 
independent  of  its  neighbour ;  but  the  partitions,  e  e^  are  cut  out 
on  the  top,  so  that,  in  case  of  the  pipe  of  any  one  cell  getting 
stopped  up,  the  liquid  overflows  into  the  next  cells.  Each  cell  is 
also  provided  with  a  separate  pipe  dy  made  tight  in  its  bottom,  and 
hydraulically  sealed  either  there,  as  it  is  shown  in  the  diagram, 
or  else  on  or  within  the  tower.     The  whole  is  generally,  with  Gay- 

2q2 
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Lussac  towers  always,  made  of  lead^  but  it  may  also  be  made  of 
earthenware,  iron^  or  other  material  suitable  for  any  special  case. 
Briegleb  (G.  P.  10,386)  has  constructed  a  distributing-apparatus 
consisting  of  a  cone  made  of  regulus  metal,  on  the  top  of  which  a 

Fig.  267. 


Fig.  258. 


jet  of  acid  is  directed.  The  upper  part  of  the  surface  of  the  cone 
is  plain,  but  the  lower  part  is  fluted,  so  that  the  acid  is  distributed 
into  a  number  of  jets  which  are  caught  in  a  circular  vessel  sur-^ 
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rounding  the  base  of  the  conCj  and  are  separately  carried  avay  by 
pipes.  No  doubt  this  apparatus  can  be  made  to  work  properly, 
but  it  is  much  less  easily  kept  in  order  than  the  simple  overflow 
apparatus  shown  on  p.  578. 

In  the  case  of  towers  of  great  horizontal  section,  where  the 
namber  of  pipes  coming  from  the  distributor  is  inconveniently 
large,  much  may  be  saved  by  employing  only  one  pipe  to  every 
four  holes  on  the  top  of  the  tower,  each  pipe  ending  over  a  small 
trough  placed  at  the  point  of  intersection  of  the  lines  connecting 
these  four  holes ;  these  small  troughs  will  then  empty  their  con- 
tents simultaneously  into  all  the  four  holes.  Of  course  the  same 
precautions  have  to  be  taken  for  securing  an  equal  flow  into  all 
the  foor  holes  as  mentioned  in  connection  with  ligs.  257  to  259. 
Kg.  -jm. 


A  very  ingenious,  but  somewhat  complicated  distributing- 
apparatus,  in  which  a  mechanical  revolving  drum  is  employed,  is 
described  in  the  patent  of  Brock  and  Saye  {No.  11,492  of  1885 ; 
J.  Soc.  Chem.  Ind.  1886,  p.  487). 

The  working  of  a  column  (whether  it  be  a  Gay-Lussac,  or  a 
Glover  tower,  or  a  hydrochloric-acid  condenser,  &c.)  is,  of  course, 
all  the  more  efficient  the  more  uniformly  the  feeding-acid  is 
distributed  over  its  whole  area.  It  is  equally  self-evident  that 
towers  of  a  large  horizontal  section  require  more  feeding-places 
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than  narrow  ones.  It  may  be  laid  down  as  a  general  rule  that 
there  ought  to  be  no  smaller  number  of  distributing-pipes  than 
one  to  each  superficial  foot  of  the  cover  of  the  tower ;  but  this 
is  a  minimum  which  is  greatly,  and  no  doubt  advantageously, 
exceeded  at  many  works. 

The  regularity  of  the  supply  of  acid  to  the  coke-tower  is  of 
the  utmost  importance  for  its  good  working.     The  whole  acid- 
chamber  process  is  so  constituted  that  its  course  must  be  kept 
as  continuous  and  uniform  as  possible^  and  the  large  bulk  of  the 
lead  chambers  in  this  case  serves  as  a  regulator,  similar  to  the 
air-vessel  of  a  blowing-engine,  so  that  the  gas,  on  leaving  the 
chamber,  issues,  or  at  least  ought  to  issue,  with  nearly  absolutely 
uniform  speed  and  composition.      In  similar  intervals  of  time 
there  will  therefore  be  a  similar  quantity  of  nitre-gas  leaving  the 
chambers ;  and  this  in  the  absorbing- tower  should  always  find  the 
same  quantity  of  acid,  lest  either  there  be  an  escape  of  nitre- 
gas  or  the  nitrous  vitriol  come  out  too  weak.     But  if  the  acid 
flows  out  of  a  tank,  the  opening  of  the  tap  remaining  the  same, 
the  flow  will  be  much  quicker  at  the  beginning,  when  the  tank  is 
full,  than  afterwards,  when  it  is  partly  empty,  and  the  tower  will 
thus  be  fed  very  irregularly.      The  speed  of  outflow  of  liquids 
decreases  in  the  proportion  of  the  square  roots  of  the  heights  of 
liquid  in  the  tank  ;  for  instance,  when  the  tank  is  filled  to  the 
height  of  4  feet,  the  flow  of  acid  will  be  twice  as  fast  as  when  it 
only  stands  1  foot  high — both  being  cases  which  often  happen  in 
practice. 

In  order  to  secure  a  very  regular  supply  of  absorbing-acid  to  the 
tower,  several  arrangements  have  been  adopted, — for  instance, 
Mariotte's  vessel  (page  517)  or  the  apparatus  shown  in  fig.  260.  The 
vessel  Z  is  placed  with  its  mouth  downwards  in  an  open  basin  E, 
in  such  a  manner  that  its  mouth  is  luted  bv  the  acid  contained 
in  the  basin;  therefore  nothing  can  run  out  of  Z.  But  as 
the  acid  runs  away  from  E  through  the  pipe  b  on  to  the 
coke-tower,  the  level  of  E  is  lowered,  the  mouth  of  Z  becomes 
free,  a  few  air-bubbles  enter,  and  acid  flows  out  till  the 
original  level  is  reached,  and  the  mouth  of  Z  is  luted  again. 
The  valve  d,  with  the  valve-rod  c  passing  through  a  stufiing- 
box,  serve  for  closing  the  mouth  of  Z  during  the  time  that  this 
vessel  is  being  fed  through  x. 

In  a  simpler  shape  the  same  principle  used  to  be  applied  a 
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II  limber  of  years  ago  in  a  few  English  alkali- works,  as  shown  in 
fig.  202,  p.  531  of  our  second  editioo,  under  the  name  of  "  vacaum 
retorts,"  which  hare  been  abandooed  as  being  too  tittublesome  to 


keep  iu  oi'der.  Very  efficient  is  the  balancing-apparatus,  fig.  261, 
A  is  the  large  acid-tauk  on  the  top  of  the  coke-tower,  made  of 
wood  lined  with  lead,  which  is  filled  from  time  to  time.  Beside 
it  stands  a  lead  cylinder  B  of  equal  height  and   12  inches  wide  ; 

Fig.  2fll. 


the  two  commnnirate  at  the  bottom  through  the  lead  pipe  a.     This 
pipe  ends  in  A  with  a  valve-seat  b  of  hard  lead,  bored  out  in  a  taper 
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shape.     In  this  plays  a  ball-valve  c,  also  made  of  hard  antimonial 
lead  {'^  regulus  "),  which  is  continued  below  into  a  small  guide-rod, 
and  above  into  the  lead-covered  iron  rod  d,  which  projects  ahove  A. 
and  is  suspended  by  a  short  chain  from  one  arm  of  the  balancing- 
beam  €.     The  latter  swings  with  its  centre  on  a  steel  edge/,  and 
carries  on  its  other  arm,  exactly  over  the  cylinder  B,  another 
chain,  from  which  a  leaden  bucket  g  is  suspended  inside  B.     Acid 
is  poured  into  the  bucket  g  until  it  sinks  to  a  certain  depth  in 
the  acid  standing  in  B  ;  by  pouring  in  more  or  taking  out  some 
of  the  acid  in  g  that  depth^  and  with  it  the  height  of  acid  in  B 
itself)  can  be  regulated  at  any  time :  this  bucket  is  therefore  a 
form   of  float,   preferable  to   the  solid    lead    float   figured    by 
Schwarzenberg.     The  bucket  g  is  so  weighted,  and  the  length  of 
the  chain  such,  that  at  a  certain  height  of  acid  in  B  the  valve  c 
must  close  the  opening  b.    The  valve  c  with  the  rod  d  and  its 
chain  is  about  as  heavy  as  the  float  g  along  with  its  chain,  and 
closes  the  opening  b  so  long  as  a  portion  of  the  weight  of  g  is 
neutralized  by  the  upward  pressure  of  the  acid  in  B.     As  soon, 
however,  as  the   cock  h  begins  to  run  and  the  float  sinks  down, 
the  rod  d  is  raised  by  means  of  the  beam  e,  and  the  ball-valve  c 
leaves  the  opening  b  free ;  thus  acid  flows  across  into  B  through  a, 
lifts  the  float  g,  and  c  sinks  down  into  its  position,  closing  b  again. 
Thus,  by  small  oscillations  of  e,  always  the  same  quantity  of  acid 
will  run  out  of  B  in  the  same  time,  as  this  only  depends  on  the 
weight  of  g  and  the  length  of  the  chain,  but  is  independent  of 
the  level  of  the  acid  in  A.     The  ends  of  the  beam  e  are  shaped  as 
segments  of  a  circle,  in  order  (by  means  of  the  chains)  to  convert 
their  circular  movement  into  a  rectilinear  one  for  the  rod  d  and 
the  bucket  g. 

The  above  apparatus,  as  formerly  figured  in  other  books  and 
as  employed  in  many  factories,  does  not  work  well,  and  has  even 
been  given  up  in  many  places  where  it  had  been  erected.  In 
the  first  place,  the  beam  is  usually  represented  swinging  on  a  pin 
which  passes  through  its  centre  ;  but  then  the  friction  is  very 
great,  and  soon  becomes  greater  by  the  iron  rusting,  so  that  the 
beam  sticks  fast.  This  cannot  happen  if  the  arrangement  is  that 
shown  in  the  above  diagram,  viz.  a  steel  edge  like  those  of  delicate 
balances;  when  strongly  plated  with  nickel  it  remains  free  from 
rust.  But,  above  all,  the  valve  c  ought  not  to  be  a  truncated  cone, 
as  it  is  generally   represented,   but    it   should    be  ball-shaped. 
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The  guidiug  by  the  arc-shaped  arms  of  the  beam  is  not  so 
absolutely  vertical  that  a  conical  valve  could  not  now  and  then 
jam  itself  in  its  seat  during  its  play  upwards  or  downwards ;  in 
that  case  the  apparatus  ceases  to  work.  If,  however,  the 
valve  is  ball-shaped,  a  slight  deviation  from  the  vertical  does  no 
harm,  as  the  ball  always  closes  the  hole,  and  jamming  fast  is  out  of 
the  question.  Whilst  those  manufacturers  who  had  erected  the 
above-mentioned  imperfect  apparatus  were  mostly  induced  to  give 
it  up  again  on  account  of  Its  constantly  breaking  down,  the 
arrangement  figured  here  works  with  the  greatest  ease  and 
regularity  and  can  be  highly  recommended.  At  some  of  the 
largest  works,  from  not  being  acquainted  with  the  right  way  of 
making  the  apparatus,  they  have  abandoned  automatic  regulation 
Fig.  id-i. 


altogether,  and  leave  it  to  the  workmen  to  set  the  running-off  tap 
of  the  acid-tanks  according  to  the  level  of  the  acid — a  very  rude 
method,  which,  according  to  the  explanation  just  given,  there  is  no 
reason  for  retaining. 

(Whenever  "  lead-covered  "  iron  rods  are  mentioned,  it  should 
be  understood  that  for  this  purpose  the  iron  rod  is  put  into  a 
pressed  lead  tube  of  convenient  bore,  and  both  ends  oE  the  latter 
are  soldered  up.) 

Some  works  employ  for  regulating  the  rate  of  feeding  the  con- 
trivance shown  in  fig.  263,  which  is  interposed  between  tap  a  and 
the  central  vessel  A  in  the  apparatus,  fig,  258.  The  liquid  runs 
from  a  into  a  leaden  box,  divided  into  two  compartments,  D  and 
E.    D  communicates  with  E  by  the  four  pipes/,  g,  h,  t,  placed  at 


602  THE  RECOVERY  OF  THE  NITKOGEN  COMPOUNDS. 

different  levels,  and  the  lip  tt ;  E  is  at  the  bottom  provided  with 
a  wide  outlet-tube  /.  According  to  the  width  to  which  tap  a  is 
opened,  box  D  will  be  more  or  less  filled ;  with  the  strongest  feed 
the  acid  will  run  into  compartment  E  out  of  all  four  pipes  and 
the  lip  k  ;  with  a  smaller  feed  fewer  of  the  pipes  will  come  into 
action.  Supposing  the  attendant  to  be  instructed  to  work  with 
three  pipes,  he  will  have  to  see  that  the  acid  runs  out  only  offiff. 
Fig.  203. 


Fig.  265. 


and  h,  the  pressure  being  almost  constant  at  the  level  of  k.  This, 
of  course,  is  greatly  preferable  to  regulating  the  position  of 
tap  a  by  mere  rule  o£  thumb,  and  it  operates  independently  of 
the  level  of  acid  in  the  main  reservoir  to  which  tap  a  belongs. 
This  contrivance  acts  very  well. 

Wild's  apparatus  called  "  Semper  idem  "  (made  by  the  Vereinigte 
Thonwaarenwerke,  Charlottenburg]  realizes  a  completely  uniform 
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velocity  of  outflow  by  means  of  a  siphon  floating  in  the  liquid, 
so  that  the  difi^erence  of  level  between  both  arms  of  the  siphon 
remains  always  the  same.  The  outer  arm  carries  an  index  fixed 
to  the  plug  of  the  tap,  by  means  of  which  the  speed  of  outflow 
can  be  made  to  vary  at  will.  The  first  rough  regulation  is  pro- 
duced by  a  ball-valve.     All  this  is  made  clear  by  figs.  263  to  265. 

Where  the  pulsotneters,  to  be  described  below,  are  introduced, 
probably  one  of  these  is  provided  for  each  kind  of  acid :  Glover 
tower  acid,  Gay-Lussac  acid,  chamber-acid.  In  this  case  no 
special  regulator  for  the  psessure  of  outflow  is  required  if  the 
air-cock  of  the  pulsometer  is  only  opened  to  such  an  extent  that 
the  apparatus  can  work  day  and  night  without  pumping  up  too 
much  acid.  The  acid- tanks  on  the  top  of  the  towers  are  once  for 
all  filled  up  to  a  proper  height  and  are  kept  at  this  by  the  play 
of  the  pulsometer  with  unimportant  change  of  level. 

Centralized  working  of  the  Gay-Lussac  towers. — ^The  following 
very  perfect  system  is  followed  at  the  Griesheim  works.  Seven 
sets  of  chambers  are  employed,  each  possessing  ordinary  Gay- 
Lussac  towers  ;  the  whole  of  these  communicate  with  a  large 
common  tower,  of  a  horizontal  section  of  10x30  ft.,  which 
receives  the  fresh  acid  of  142°  Tw.,  divided  into  480  jets.  The 
resistance  in  this  tower  amounts  to  ^V  up  to  ^  in.  of  water.  The 
weak  nitrous  vitriol  formed  here  is  pumped  up  and  feeds  the 
ordinary  Gay-Lussac  towers.  Since  these  require  variable 
quantities  of  acid,  this  is  divided  among  the  seven  towers  by 
an  acid-wheel  having  seven  chambers  of  variable  dimensions, 
formed  by  slightly  inclined  movable  spouts  resting  on  the 
partitions  between  the  chambers.  By  shifting  these  spouts  back- 
wards or  forwards,  the  time  of  feed  and  also  the  quantity  of 
acid  serving  each  compartment  can  be  varied  at  will.  From  each 
compartment  a  pipe  conducts  the  acid  to  one  of  the  Gay-Lussac 
towers,  where  it  is  again  subdivided  in  the  ordinary  way. 
(In  the  same  works  there  is  a  similar  arrangement  for  dividing 
the  strong  nitrous  acid,  chamber-acid,  and  nitric  acid  among  the 
seven  Glover  towers,  placed  at  a  considerable  distance  from  the 
central  office.)  Figs.  266  to  269  illustrate  the  above.  Fig.  266 
shows  the  acid-wheel,  supported  by  the  glass  bulb  a,  floating 
in  a  vessel  filled  with  sulphuric  acid.  This  avoids  all  friction,  so 
that  the  wheel  never  stops.  The  glass  point  /3  and  a  short  piece 
of  tubing  at  the  bottom  form  one  of  the  guides ;  a  thimble  S,  just 
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Fig.  200. 
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below  the  funnel^  constitutes  the  other  guide.  We  notice  the  seyen 
compartments  a,  by  c,  d,  e^f,  g^  and  the  spouts  7  (fig.  269)^  which 
can  be  moved  backwards  and  forwards,  and  thus  admit  of  dividing 
the  supply  at  will.  Thus^  for  instance^  in  fig.  269^ which  represents  a 
section  through  all  the  seven  compartments  (projected  on  a  straight 
line),  we  find  that  the  acid  is  divided  among  the  six  compartments 
a,  bj  c,  €,  /,  g  in  the  proportion  7,  7,  7,  8,  5,  8;  d  receives 
nothing,  because  the  set  of  chambers  to  which  it  belongs  is 
standing  still. 

At  Griesheim  the  nitrous  vitriol  is  thus  brought  up  to  a  strength 
equal  to  60  grams  NaNOs  per  litre,  and  the  total  consumption  of 
nitre  has  been  brought  down  to  0*83  per  100  H2SO4.  This  system 
allows  of  keeping  one  of  the  sets  with  an  excess  of  SO2  (which  is 
very  good  for  concentration  in  platinum),  since  the  exit-gases 
from  this  system  are  neutralized  by  the  gases  of  the  other  sets  in 
the  central  tower. 

Pumping-apparaius  for  Acid, 

It  is  rarely  possible  to  feed  the  acid-tank  on  the  top  of  the 
absorbing-tower  with  concentrated  vitriol  by  natural  fall ;  where  the 
concentration  takes  place  in  the  Glover  tower,  that  possibility  is 
excluded  from  the  outset.  There  is  therefore  need  for  an  apparatus 
to  force  the  acid  up  to  the  top  of  the  absorbing-tower ;  the  same 
apparatus  will  also  serve  for  forcing  the  nitrous  vitriol  and  the 
chamber-acid  to  the  top  of  the  denitrating-tower.  Ordinary  force- 
pumps  cannot  be  employed  here,  because  these  cannot  be  made 
without  using  metals  which  are  acted  upon  by  the  acids,  at  least 
not  for  such  quantities  as  have  to  be  treated  in  this  case.  Fortu- 
nately we  have  two  metals  which  resist  the  vitriol  very  well,  viz.  cast 
iron  and  lead,  and  with  the  aid  of  these  an  apparatus  can  be  con- 
structed in  which  the  force-pnmp  acts  only  indirectly,  viz.  through 
the  compression  of  a  column  of  air,  which  thus  enters  into  the 
forcing-apparatus  proper  and  conveys  the  acid  to  any  desired 
height. 

The  ordinary  plan  of  working  (introduced  about  1838  by  Harri- 
son Blair,  according  to  Richardson  and  Watts^s  'Chemical  Tech- 
nology/  vol.  i.  pt.  v.  p.  217)  is  this,  to  convey  air  compressed  by 
an  air-pump  or,  more  properly  speaking,  by  a  small  blowing-engine 
into  the  pressure-apparatus,  above  the  surface  of  the  add,  exactly 
similar  to  the  way  in  which  every  chemist  in  his  wash-bottle  forces 
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the  liquid  up  in  the  outlet-tube  by  blowing  air  in  through  another 
tube.  In  this  there  is  no  special  limit  of  height^  so  long  as  the 
apparatus  is  made  strong  enough  to  resist  the  pressure  and  the  air- 
pump  is  sufficiently  powerful. 

The  air-pumps  are  generally  constructed  in  this  way: — The 
steam-cylinder  and  the  air-cylinder  are  both  fixed  on  a  common 
horizontal  ground-plate^  or  cast  in  one  piece  with  the  same ;  they 
are  then  worked  by  a  common  piston-rod  with  a  piston  at  each 
end.  A  cross-head  sliding  between  motion-bars  gives  the  neces- 
sary guidance ;  and  a  pretty  heavy  fly-wheel  secures  regular  action. 
The  dimensions  of  the  pump  are  chosen  according  to  the  size  of  the 
works ;  for  a  set  of  chambers  of  from  140,000  to  200,000  cubic  feet 
a  steam-cylinder  of  8  inches  diameter,  an  air-cylinder  of  12  inches 
diameter,  and  a  stroke  of  18  inches,  with  from  40  to  60  revolutions 
per  minute,  suffice  for  pumping  all  the  nitrous  vitriol^  concentrated 
acid^  and  chamber-acid.  The  compressed-air  pipe  in  this  case  has 
1:J^  to  IJ  inch  bore.  Much  care  has  to  be  taken  of  the  valves  of 
these  pumps :  if  they  work  with  too  much  noise,  they  last  only  a 
very  short  time  ;  but,  in  any  case,  a  second  pair  must  always  be 
ready  for  putting  on  when  the  first  give  way.  At  the  works 
formerly  managed  by  myself,  I  sent  the  exhaust-steam  of  the 
engine  into  the  steam-pipe  for  the  chambers,  the  steam-boiler 
belonging  to  which  worked  at  only  10  lb.  pressure  per  square  inch ; 
thus  the  steam  for  pumping  the  acid  was  got  for  next  to  nothing, 
since  only  the  diflbrence  of  pressure  before  and  behind  the  steam- 
cylinder  had  to  be  made  good  by  consumption  of  fuel.  [Comp. 
p.  531 .  This  description  was  given  in  the  first  edition  of  this  work 
(1879),  and  is  therefore  much  prior  to  the  very  similar  proposal 
of  Sprengel,  B.  P.  No.  10,798,  of  1886.] 

The  air-pipe,  which  must  be  made  of  very  strong  lead  tubing,  is 
not  conducted  direct  from  the  air-pump  to  the  pressure-apparatus, 
because  in  that  case  acid  would  inevitably  be  squirted  back  into 
the  air-cylinder  and  soon  ruin  the  valves ;  but  the  air-pipe  is 
carried  upwards  a  distance  of  from  10  to  13  feet,  and  then  as 
much  downwards,  before  entering  the  acid-vessel.  Close  to  the 
air-cylinder  a  small  branch-tube  with  a  cock  is  soldered  on,  in 
order  to  let  out  the  air  when  the  pumping  is  finished.  Sometimes 
there  is  also  a  pressure-gauge  fixed  to  it :  but  this  is  not  of  much 
use ;  for,  in  the  first  place,  it  is  soon  destroyed  by  the  violent 
oscillations  at  every  stroke  of  the  piston  and  by  the  acid  fumes ; 
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and,  secondly,  the  workmaa  can  judge  much  more  conveniently 
than  by  looking  at  the  gauge,  from  the  noise  of  the  pump  and  the 
Yalves,  ifhether  it  works  easily  or  heavy — that  is  to  say,  with  much 
or  little  pressure. 

The  acid.vessel  serving  as  pressure-apparatus  is  made  in  various 
forms.  Originally  (and  even  now  in  many  places)  it  was  made 
in  the  shape  of  a  soda-water  bottle,  as  shown  in  fig.  370,  afterwards 
u  a  horizontal  cylinder  (fig.  271)  with  bolted-on  covers;  but  it 

FU.270.  Fig.  271. 


is  now  more  usually,  as  shown  in  fig.  27S,  a  horizontal  cylinder 
with  one  semicircular  and  one  neck-shaped  end,  the  latter  closed 
by  a  man-hole  door.  These  vessels  are  called  "  acid-eggs."  The 
vessels  like  figs.  270  are  usually  lined  with  lead  ;  those  like  fig.  371 
and  272  are  not.  Experience  has  everywhere  shown  that  it  is 
needless  to  protect  the  cast  iron  of  the  acid-egg  by  a  lining  of  lead  ; 
even  the  nitrous  vitriol  and  the  chamber-acid  act  so  little  on  cast 
iron  that  such  a  protection  becomes  unnecessary*.  I  have  found  an 
acid-^g  after  five  years'  continuous  use  for  all  three  kinds  of  acid 

•  It  baa  been  noticed  that  the  acid-egg^  mode  bj  some  foundries  are  liable 
t4>  cnck  after  a  few  months'  use,  while  those  supplied  by  other  foundries,  and 
nude  like  ordinary  metal  castings,  last  much  longer. 
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in  entirely  good  working-order.  Lining  with  lead  has  this  draw- 
back, that  as  soon  as  a  little  air  gets  between  the  lead  and  the 
cast  iron  through  the  smallest  possible  cliink  the  lead  is  driven  away 
from  the  iron  in  many  places,  and  its  protecting  action  becomes 
quite  illusory,  whilst  the  contents  of  the  egg  are  diminished.  Dilute 
acids  are  best  pumped  up  by  means  oF  stoneware  acid-eggs,  as 


supplied   by  the   Vereinigte  Thonwaarenwerke,  Charlotteuburg, 
or  by  stoneware  pulaometers. 

The  horizontal  has  the  advantages  over  the  vertical  shape : — 
first,  that  no  well  is  needed  for  the  acid-egg,  which  may  lie  on 
the  floor  and  thus  be  accessible  all  round ;  secondly,  that  in  the 
case  of  excessive  pressure,  the  weakest  part  (viz.  the  man-hole) 
being  situated  sideways,  the  acid  squirting  out  is  not  so  likely  to 
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injure  men  and  machinery  as  in  the  case  of  squirting  out  ver- 
tically^ especially  if  the  cylinder  is  at  once  laid  with  the  man- hole 
turned  away  from  the  machinery. 

In  fig.  272^  A  is  the  acid-egg,  whose  walls  are  2  inches  thick ; 
b  is  the  neck^  with  the  man-hole  lid  a  fixed  to  it  by  bolts  and  nuts  * ; 
a  thick  india-rubber  washer  makes  the  joint  tight ;  c;  is  a  recess 
at  the  bottom  of  A,  into  which  the  delivery-pipe  g  projects,  in 
order  to  expel  the  contents  of  A  as  completely  as  possible  ;  d,  e, 
and /are  three  branch-pipes — d  for  introducing  the  acid,  e  for  the 
air-pipe,  and  /  (the  widest  of  them)  for  the  delivery-pipe.  The 
pipes  have  each  a  strong  lead  flange  soldered  to  it,  which  rest  on 
the  flanges  of  the  branches  d,  e,  /;  by  putting  loose  iron  washers 
on  the  top,  and  screwing  all  three  together  by  bolts  and  nuts,  the 
joint  becomes  perfectly  tight.  The  inlet  branch  d  may  be  left 
open  and  closed  after  each  filling  by  a  small  plate  bolted  on;  but 
in  most  cases  there  is  an  inlet  valve  for  the  acid,  of  the  shape 
shown  in  fig.  273.  (The  plain  stoppers  with  lever-rods,  figured  in 
Muspratt's  *  Chemistry,'  cannot  support  any  great  pressure.)  A  and 
B  are  acid-tanks,  which  need  not  be  placed  so  close  to  the  pressure- 
valve  C  as  they  are  represented  in  the  diagram,  C  is  a  cylinder 
of  strong  lead,  about  10  inches  wide,  whose  top  is  on  a  level  with 
the  top  of  the  tanks,  but  which  is  deeper  than  these,  so  that  they 
may  communicate  with  C  through  the  pipes  a  and  A,  connected 
with  their  bottoms,  a  and  b  end  in  the  bottoms  of  the  tanks  with 
val?e-seats  of  "  regulus  '^  metal,  and  are  usually  closed  by  taper 
valves  with  long  lead-covered  handles  :  no  pressure  upon  these  is 
exercised  from  below,  and  therefore  they  need  not  be  provided 
with  any  special  contrivance  against  this.  When  it  is  necessary  to 
run  the  contents  of  these  two  tanks,  or  that  of  a  third  tank,  not 
visible  in  the  diagram,  but  similarly  communicating  with  C,  into 
the  acid-egg,  the  respective  bottom-stopper  is  taken  out,  the 
bottom-valve  c  in  C  also  remaining  open.  The  latter  valve,  which 
must  be  very  well  ground  into  its  regulus  seat,  communicates 
through  the  pipe  d  with  the  corresponding  inlet  branch  of  the 
acid-egg.  On  the  top  it  is  connected  with  the  lead-covered  iron 
rod  e,  which  ends  above  in  a  screw-worm  Ci,  and  can  be  turned 
by  means  of  the  hand- wheel  /.     A  very  strong  iron  frame,  g  g,  with 

*  Some  manuflEusturerd  propose  to  construct  the  acid-^ggs  without  man-holeSy 
as  these  may  render  it  difficult  to  keep  the  joints  tight,  but  the  metal-casting  must 
be  much  more  difficult  to  make. 

VOL  I.  2  R 
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a  female  thread  correspoiidiag  to  the  worm  e„  is  bolted  to  the 
bottom- joists,  i  i ;  both  the  timber  and  the  iron  rods  must  be  very 
strong,  as  there  is  a  good  deal  of  strain  upon  them  in  screwing  the 
valve  in  and  out.  As  the  cylinder  C  is  equal  in  height  to  A  and 
B,  it  can  never  run  over ;  and  when  the  acid  in  C  stands  at  the 
same  level  as  that  in  the  tanks,  the  valve  c  is  screwed  down  tight  by 
means  of  the  hand-wheel,  the  corresponding  stopper  is  put  iuto 

Fig.  273. 


its  seat  in  the  tanks,  and  the  air-pump  is  started.  The  whole 
pressure  of  the  acid,  which  has  sometimes  to  he  lifted  to  a  height 
of  100  feet,  will  then  act  from  helow  on  the  valve  c ;  and  unless  the 
latter  has  been  screwed  down  perfectly  tight,  the  acid  will  squirt 
out  violently.  Although,  with  a  little  care  on  the  part  of  the 
workman,  this  should  never  happen,  yet  several  accidents  caused  by 
men  being  splashed  with  acid  have  led  to  providing  the  cyUnder 
with  a  cover  and  a  stuffing-box,  k,  through  which  the  rod  e  passes; 
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the  splashing  then  does  no  harm,  as  the  acid  cannot  get  out.  At 
the  same  time  the  stuffing-box  serves  as  a  guide  for  the  valve-rod^ 
which  would  otherwise  have  to  be  provided  in  some  other  way. 
Sometimes  (not  always)  there  is  a  small  pipe  provided  for  taking 
any  acid  squirted  out  into  one  of  the  three  tanks.  In  this  way  the 
same  acid-e^  can  serve  for  pumping  strong  acid,  nitrous  vitriol^ 
and  chamber-acid  out  of  their  respective  tanks  one  after  another. 

A  self-acting  apparatus  for  filling  the  acid-eggs,  constructed  by 
Mr.  Harrison  Blair,  which,  Mr.  Mactear  says  (Journ.  Soc.  Arts, 
1878,  p.  558),  works  well,  is  shown  here  according  to  the  descrip- 
tion in  Richardson  and  Watts's  Fig.  274. 
'  Chemical  Technology,'  vol.  i. 
part  V.  p.  217.  A  (fig.  274)  is  a 
strong  cylinder  of  lead  closed 
at  both  ends  [probably  cast 
iron  would  be  preferable]  ;  B  a 
valve-box,  and  C  a  delivery -pipe,  into  which  the  pipe  D  enters  a 
little  above  the  vessel.  D  is  continued  to  E,  where  it  passes  to  the 
inside  of  the  vessel,  and  F  joins  D  at  the  lowest  part.  O  is  the  pipe 
which  brings  the  air  from  the  pump.  So  long  as  D  contains  no 
liquid,  the  air  from  the  vessel  will  pass  through,  and  by  thus  pre- 
venting any  pressure  on  the  liquid  in  the  vessel,  it  will  be  filled 
through  the  valve- box.  When  the  vessel  is  full,  the  egress  of  the 
air  through  P  being  stopped  by  the  liquid,  the  latter  will  be  forced 
up  E  (being  lower  than  F),  which,  acting  as  a  siphon,  fills  D  and 
effectually  stops  the  passage  of  air.  As  the  pressure  of  air  increases, 
the  liquid  rises  up  the  delivery-pipe  and  is  conveyed  to  any  required 
point,  while  the  liquid  in  D  falls  with  the  level  of  that  in  the  vessel, 
until  this  sinks  below  the  bend  in  D,  when  the  air  rushes  through, 
carrying  with  it  all  the  liquid  out  of  D.  This  leaves  a  free  passage 
for  the  escape  of  air  during  the  time  the  vessel  is  again  being  filled, 
the  air-pump  working  the  whole  time. 

At  the  Rhenania  works  the  rod  e  of  the  inlet-valve  c  (fig.  273) 
is  coupled  with  the  air-cock  on  the  acid-egg  in  such  a  way  that 
when  the  egg  is  full  the  attendant  cannot  by  mistake  shut 
the  air-cock  first,  but  is  obliged  to  screw  down  the  valve  c 
before  he  can  shut  the  air-cock  and  open  the  connection  with  the 
air-pump. 

An  auiomitic  acid-egg  air^valve  is  described  in  Chem.  Tr.  Journ. 
xvii.  p.  82  (J.  Soc.  Chem.  Ind.  1895,  p.  749).     The  acid  entering 

2k2 


613  THE  RECOVERV  OP  THIS  NITROGEN  COHPOONI>S. 

the  egg  tends  to  raise  a  vooden  float,  and  this  lifts  a  valve  con- 
nected with  the  air-tap.  V¥hen  later  on  the  compressed  air  forces 
the  acid  out,  the  float  descends  and  the  air-supply  is  automatically 
abut  just  as  the  last  acid  is  being  driven  out. 

As  soon  as,  in  the  ordinary  kind  of  apparatus,  the  pumping  is 
finished,  the  air-pump,  to  which  now  no  resistance  is  offered, 
begins  all  at  once  to  go  extremely  fast,  and  by  its  noise  draws  the 
attention  of  the  workman  to  the  necessity  of  stopping  it.  Directly 
after,  the  air-cock  in  the  pipe  conducting  the  compressed  air  to 

Fig.  275. 


the  acid-egg  is  opened.  Nevertheless  some  compressed  air  accom- 
panies the  last  portions  of  the  acid  and  rushes  vehemently  out  of 
the  top  of  the  delivery-pipe;  and  in  order  to  prevent  the  acid 
from  splashing  ahoul  a  special  contrivance  roust  be  adopted,  for 
instance  that  shown  in  fig.  275.  A  leaden  cylinder,  open  at  top 
and  bottom,  stands  within  the  tank  A ;  it  is  jagged  out  at  the 
bottom  in  a  few  places ;  and  the  holes  a  a  higher  up  also  help  to 
give  free  communication  between  B  and  A.  Also  the  top  of  B  is 
cut  out  pretty  deeply  in  a  tew  places  (6  h).  Within  B  the  per- 
forated plate  c  is  suspended  by  a  tew  lead  stripsj  t  i ;  the  whole  is 
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covered  hy  a  loose  cover  d  d,  whieh  is  kept  at  a  little  distauce 
&om  the  top  of  B  by  the  lead  strips,  so  that  the  air  can  escape 
between  theno.  d  has  a  flange  of  8  in.  depth;  in  the  centre  it 
carries  a  short  tube  e,  to  which  the  "  regulun  "  cock  of  the  delivery. 
{Hpe  h  is  burnt.  Since  it  is  extremely  difficult  to  keep  such  a  cock 
tight,  especially  under  great  pressure,  it  is  surrounded  below  by 
the  pipe  g,  which  also  iits  into  d,  and  thus  carries  away  the 
droppings.  This  contrivance  acts  in  the  following  way  : — When 
the  acid  forced  up  through  k  arrives  at  the  top,  it  runs  through  / 
and  e,  then  through  the  sieve  c  and  into  the  cylinder  B,  whence  it 
easily  passes  through  into  A.     But  in  the  last  stage,  when  com- 

Fip.  27a 


pressed  air  arrives  at  the  same  time  with  the  acid,  the  latter  cannot 
be  squirted  about,  nor  can  the  current  of  air  act  upon  the  surface 
of  the  add  within  the  tank  so  as  to  splash  it  about ;  for  it  is  broken 
by  the  sieve  c  and  escapes  through  the  openings  of  c  and  the 
annular  space  below  d  without  doing  any  damage ;  the  acid  accom- 
panying it  runs  quickly  down  through  the  sieve  c.  The  cock  /  and 
the  pipe  jT  are  required  only  when  a  single  acid-egg  has  to  feed 
several  tanks  placed  at  a  considerable  distance  apart,  for  instance 
one  on  the  absorbing- tower  and  two  on  the  Glover  tower;  for 
then  the  delivery-pipe  must  be  divided  into  two  parts,  and  each 
must  be  provided  with  a  stop-cock,  only  that  leading  to  the  working 
tank  being  open.     If,  however,  the  tanks  to  be  filled  are  placed 
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close  together,  no  cocks  are  required,  but  the  simpler  arrangement^ 
fig.  276,  can  be  employed,  which  may  also  be  made  much  smaller 
than  (for  the  sake  of  clearness)  it  has  been  drawn  here.  Within 
the  same  lead-lined  box  A  there  is  a  special  compartment  B  con- 
structed by  means  of  a  lead  partition,  a,  and  cover,  b.  The  side  of  B 
is  jagged  out  at  the  bottom  at  c  c,  in  order  to  communicate  with  A. 
The  delivery-pipe  fits  into  the  cover  6 ;  the  air  rushes  against  the 
sieve  e  and  escapes  out  of  the  pipe/ without  doing  any  harm.  In 
the  bottom  of  A  there  are  three  valve-seats,  ff,  A,  and  i,  connected 
with  as  many  pipes  leading  to  different  tanks ;  but  only  one  of  the 
valves  is  left  open  at  a  time ;  the  two  others  are  closed  by  plugs^ 
and  the  tanks  communicating  with  them  therefore  receive  nothing.' 
In  smaller  works  there  is  usually  only  one  acid-egg,  which  serves 
for  pumping  all  the  strong  acid^  nitrous  vitriol,  and  chamber-acid, 
one  after  the  other.  In  this  case  the  air-pump  has  nothing  to  do 
during  the  time  that  the  egg  is  getting  filled  from  one  of  the  tanks ; 
but  if  the  cubic  contents  of  the  chambers  do  not  exceed  200,000  cub* 
feet,  there  is  time  enough  for  that.  But  where  the  chamber-space 
is  larger,  two  acid-eggs,  at  least,  will  be  required,  of  which  one 
usually  serves  for  the  strong  acid  and  nitrous  vitriol,  the  other 
for  the  chamber-acid ;  in  this  case  the  same  air-pump  can  do  all 
the  work  if  the  air-delivery  pipe  is  provided  with  two  branches  and 
two  stop-cocks,  one  of  the  eggs  always  getting  filled  whilst  the 
contents  of  the  other  egg  are  being  pumped  up ;  the  air-pump  ia 
thus  fuUv  utilized. 

Johnson  and  Hutchinson  (E.  P.  8141,  of  1885)  describe  a  com- 
bination of  three  upright  vessels,  so  connected  that  the  compressed 
air  contained  in  one  is  alwavs  utilized  in  the  next,  and  is  not  lost 
as  ill  the  usual  process. 

A  somewhat  different  kind  of  acid-lifting  apparatus  is  Laurent's 
pulsometer.  It  is  made  of  cast  iron  for  sulphuric  acid  with  lead 
pipes  (figs.  277  and  278),  and  of  stoneware  for  hydrochloric  or 
nitric  acid  (fig.  279).  In  the  former  case  the  joint  between  the  cover 
a  and  pan  b  is  best  made  good  by  a  lead  washer,  in  the  latter  case 
by  an  india-rubber  washer;  c  is  the  man-hole,  with  the  rising- 
main  d  and  the  pipe  e  for  compressed  air.  The  rising-main  d 
has  a  side  connection  with  the  swan-neck  pipe/.  The  feed-pipe y 
is  connected  with  the  store-tank  h ;  the  latter  must  be  fixed  at 
such  a  height  that  even  when  the  pulsometer  is  quite  full,  and  k 
nearly  empty,  there  is  still  a  greater  head  of  liquid  on  the  pulso- 
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meterthen  the  length  of  pipe/.  Theclacki  (whicli  may  be  replaced 
by  a  ball-valve  or  by  a  Bunsen  valve,  as  shown  in  fig.  279) 
prevents  the  acid  from  being  driven  back  into  k  whilst  rising  in*(^. 
Pipe  d  most  be  fixed  in  such  a  manner  that  it  can  be  takea  out 
tt^etber  with  pipe/,  in  order  to  attend  to  the  latter. 


A 


Fig.  277. 


The  play  of  the  apparatus  is  as  follows  : — The  acid  runs  from  A 
through  g  into  b,  during  which  time  the  air,  continuously  being 
forced  in  through  e  from  the  air-pump,  escapes  through  /  and  d. 
As  soon  as  vessel  b  has  been  filled  to  the  upper  opening  of  /,  the 
air  cannot  escape  very  well,  and  a  little  pressure  ensues.  In  apite 
of  this,  through  the  momentum  of  inertia,  the  acid  rises  still  a 
little,  arrives  at  the  top  of  the  siphon  (at  k),  and  causes  this  to 
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act,  whereupon  the  level  of  the  liquid  in  all  the  pipes  becomes  that 
of  the  outlet  of  /,  that  is  m.     As  the  sir  cannot  now  escape,  the 


pressure  gradually  gets  up  and  the  liquid  rises  in  pipe  d,  but  sinks 
in  vessel  b.  As  the  pressure  on  the  surface  of  liquid  in  b  must  be 
the  same  at  all  points,  and  each  point  has  also  to  bear  the  counter 
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pressure  of  the  column  of  liquid  in  d,  the  acid  must  sink  exactly 
as  much  in  the  outer  limb  of  /  as  in  the  vessel  b,  and  the  level 
must  at  last  arrive  at  n.  Now  as  the  column  of  liquid  between 
the  lower  end  /  of  pipe  d  and  the  upper  outflow  at  o  is  still  rather 
higher  than  that  from  the  lowest  point  n  of  the  siphon  to  the 
outflow  at  0,  the  air  must  throw  the  acid  from  n  out  of  o,  the 
pressure  within  b  must  cease^  and  the  vessel  b  must  be  filled  again 
from  h  through  i  and  g.  Even  if  a  little  acid  had  accidentally 
run  back  from  d  into/  and  filled  the  siphon^  this  would  not  prevent 
the  filling  of  b  from  h,  since  this  tank  (as  we  have  seen  above) 
is  placed  high  enough  for  this  purpose. 

If  during  the  forcing  up  of  the  acid  the  outflow  from  o,  owing 
to  the  friction  in  dy  were  not  so  great  as  corresponds  to  the 
volume  of  air  entering  at  b,  strong  pressure  will  ensue  on  the 
surface  of  the  liquid  in  b,  and  at  last  the  acid  in  siphon /would  be 
forced  to  point  n  before  the  outer  level  in  b  had  sunk  to  that 
point.  Then  the  air  will  bubble  up  through  n  into  d  and  out 
of  Oj  and  will  keep  the  liquid  column  suspended.  This  bubbling 
can  be  perceived  when  the  ear  is  put  close  to  d^  and  can  be 
remedied  by  closing  the  air-pump  cock  a  little^  and  afterwards 
regulating  the  pressure  in  the  following  way  : — In  the  air-pipe  e, 
which  is  I  of  an  inch  wide^  a  flanged  joint  is  made  between  the 
eock  (not  shown  here)  and  the  cover  c,  in  which  a  copper  disk 
is  placed^  perforated  with  a  pin-hole  (say  ^^  inch).  If  with  the 
cock  quite  open  this  hole  is  still  too  wide^  so  that  the  air^  instead 
of  lifting  the  acid^  bubbles  through  d,  the  pin-hole  is  narrowed  to 
the  required  extent  so  that  in  future  the  tap  may  be  opened  fully 
whenever  the  apparatus  is  to  act.  It  can  then  go  on  for  many 
years  without  any  supervision^  unless  the  valve  i  gets  obstructed 
by  impurities. 

As,  during  the  time  b  is  getting  filled,  the  air  escapes  without 
being  utilized,  it  is  best  to  place  the  tank  h  at  least  five  feet  above  6, 
and  make  pipe  ff  very  wide,  so  as  to  shorten  the  time  of  filling.  The 
compressed  air  must  always  be  under  the  same  pressure,  and  the 
air-pump  must  therefore  have  a  regulator  of  some  kind.  The 
pin-hole  in  the  regulating-disk  must  be  arranged  for  the  highest 
pressure  which  may  be  expected. 

It  is  possible  to  lift  liquids  to  a  greater  height  than  corresponds 
to  the  pressure  of  air  present,  by  placing  a  second  pulsometer  mid- 
way up  the  height  to  be  overcome^  and  regulating  both  pulsometers 


618  THE  RECOVERY  OF  THE  NITROGEN  COMPOUNDS. 

SO  as  to  act  together.  Above  all^  valve  i  must  be  kept  in  order ; 
for  strong  sulphuric  acid  it  must  be  made  of  lead  (regulus  metal) 
and  very  carefully ;  for  chamber-acid  or  hydrochloric  acid  it  may 
be  made  of  india-rubber. 

This  apparatus^  once  properly  set^  acts  day  and  night  without 
any  supervision ;  it  is  started  or  stopped  in  a  moment  by  opening^ 
a  tap. 

Fig.  277  shows  a  pulsometer  of  50  litres  totals  and  40  litres^ 
available  space ;  the  rising-main  must  be  1|  inch  wide ;  in  the  case 
of  a  wider  pipe  part  of  the  acid  would  run  back  and  air  would  rise 
up.  The  apparatus  can  act  30  times  per  hour^  and  lift  25  to  30 
cubic  metres  (say  875  to  1050  cubic  feet)  per  24  hours.  Fig.  278^ 
shows  an  apparatus  intended  for  greater  speed ;  there  is  a  rising- 
pipe  a  of  1  to  1|  inch  width,  provided  with  a  valve,  and  a  much 
wider  feed-pipe  c,  also  provided  with  a  valve.  The  latter  roust 
always  be  full ;  the  outflow  thus  takes  place  under  the  pressure  of 
the  liquid  column  de,  and  therefore  very  quickly.  Fig.  279  show* 
the  form  best  adapted  for  stoneware  vessels,  which  should  stand  a 
pressure  of  4  atmospheres. 

Simon  (Zeitschr.  fiir  angew.  Chem.  1890,  p.  356)  describes  a  com- 
bination  of  two  similar  pulsometers  which  utilizes  the  compressed 
air  otherwise  escaping  during  the  filling  of  the  vessel,  the  appa- 
ratus being  connected  by  a  Y-pipe  and  automatic  ball-valve. 

The  principle  of  the  pulsometer  has  been  improved  by  replacing 
the  siphon  by  a  float-valve  and  most  thoroughly  worked  out  by 
Paul  Kestner,  of  Lille.  His  pulsometers  are  illustrated  and  de- 
scribed in  our  vol.  ii.  2nd  ed.  p.  408  et  seq. ;  in  the  present  volume 
we  have  also  shown  on  p.  146  a  Kestner's  pulsometer  as  constructed 
for  nitric  acid.  Most  chemical  works  now  employ  these  apparatus^ 
and  speak  very  highly  of  them ;  many  works  have  abolished  the 
acid-eggs  entirely  in  favour  of  Kestner^s  pulsometers. 

At  Freiberg,  in  1902,  Kestner  pulsometers  (which  are  still  doing 
very  good  work)  were  in  use,  as  well  as  real  pumps.  One  kind  of 
these  is  made  of  antimonial  lead  ("  regulus  metal ")  with  valves  of 
phosphorus-bronze,  another  consists  of  a  cast-iron  barrel,  lined 
inside  with  lead,  with  a  porcelain  ram  and  phosphorus-bronze 
valves.  The  former  serves  only  for  pumping  up  to  33  feet,  the 
latter  up  to  80  feet  (25  metres)  by  means  of  a  10-inch  conduit. 
Both  these  and  the  Kestner  pulsometer,  which  is  used  for  the 
Gay-Lussac  and  precipitating  towers,  give  entire  satisfaction. 
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C.  Simon,  of  Stolberg,  has  constructed  a  pneumatic  acid-pump, 
provided  with  an  automatically  acting  piston  governor,  which  is 
stated  to  be  superior  to  the  regulation  by  floats  in  various  respects. 
Comp.  also  Plath^  on  mechanical  means  for  raising  acids,  Zsch.  f. 
angew.  Ch.  1902,  p.  1211. 

We  shall  here  refer  to  the  construction  of  tanks  or  reservoirs 
for  sulphuric  acid  (much  of  which  will  apply  also  to  hydrochloric 
and  nitric  acid).  Open  reservoirs  for  sulphuric  acid  are  always 
made  of  lead,  usually  in  the  way  shown  in  fig.  276  and  elsewhere, 
viz.  a  strong  wooden  frame  to  which  the  lead  sides  are  fixed 
by  means  of  straps,  turning  the  upper  edge  over  the  top,  just 
as  in  the  construction  of  chambers,  or  else  a  box  made  entirely  of 
wood  with  lead  lining ;  in  each  case  the  thickness  of  the  lead 
need  not  exceed  5  or  6  lbs.  per  superficial  foot,  if  the  wood 
frame  is  so  constructed  as  to  take  all  the  side  thrust ;  but  it  is 
preferable  to  use  thicker  lead,  say,  9  or  10  lbs.,  on  account  of  wear 
and  tear.  Where  it  is  intended  that  the  acid  run  into  the  tank 
in  a  hot  state  should  cool  therein,  the  tanks  are  much  better 
made  circular  in  shape,  of  much  thicker  lead  (say  10  lbs.  or 
more),  and  strengthened  on  the  outside  with  strong  iron  hoops, 
which  may  be  connected  by  strong  cross-stays  in  the  case  of  very 
large  tanks.  Considering  the  increase  of  pressure  from  the  top 
downwards,  the  binding-hoops  should  be  placed  nearer  together 
in  the  lower  part  of  the  tank. 

Even  brickwork  may  serve  for  acid-tanks  (sulphuric,  hydro- 
chloric, nitric  acid),  if  the  bricks,  tiles,  stones,  &c.  are  acid-proof. 
Volvic  lava  is  the  best  material  (comp.  later  on).  The  mortar  in 
this  case  should  be  that  described  on  p.  120;  viz.  a  paste  made  of 
asbestos  powder  and  silicate-of-soda  solution,  with  or  without 
some  other  solid  admixture,  as  barytes  &c.  This  mortar  should 
at  first  not  be  brought  into  contact  with  water,  which  would  dis- 
solve out  the  sodium  silicate,  but  at  once  with  acid,  which  causes 
silicic  acid  to  be  separated  in  the  solid  state  and  to  render  the 
joints  perfectly  tight. 

For  closed  tanks  for  sulphuric  and  strong  nitric  acid  the  best 
material  is  iron^  either  cast  or  wrought  iron,  as  may  be  most 
suitable  for  constructive  purposes  ;  and  this  material  is  also  adapted 
even  for  pipes  &c.,  in  cases  where  no  air  can  enter,  whose  moisture 
might  dilute  the  acid. 
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Working  the  Gay-Lussac  Toioer. 

After  the  above  explanations  very  little  need  be  said  as  to  tlie 
iK^orking  of  the  absorbing-tower.  The  following  points  have  to  be 
observed  in  this  respect. 

The  ffds  entering  the  tower  must  show  a  distinctly  red  colour  in 
the  ''sight;''  on  the  other  hand,  the  exit  "sight,"  behind  which 
a  board  painted  white  ought  to  be  placed,  should  show  a  perfectly 
colourless  gas.  The  gas  escaping  from  the  top  of  the  tower,  or  of 
the  chimney  connected  with  it,  ought  not  to  produce  any  con- 
siderable amount  of  red  vapours  when  it  meets  the  outer  air  (see 
below).  Furthermore  the  chamber-gas  before  entering  the  tower 
should  be  as  dry  and  as  cool  as  possible,  lest  the  absorbing-acid  be 
diluted  or  heated.  For  this  purpose  the  last  chamber  receives 
very  little,  sometimes  even  no  steam,  so  that  its  acid  remains  at 
about  106^  Tw. ;  moreover  the  gas  is  often  conducted  through  a 
long  pipe  or  a  tunnel,  or  into  a  shallow  box  with  several  vertical 
partitions,  where  it  has  to  move  backwards  and  forwards.  In  these 
cooling-apparatus  water  may  be  applied  outwardly  to  assist  the 
cooling,  especially  in  summer-time.  Sometimes  the  bottom 
of  the  box  is  covered  with  strong  vitriol,  in  order  to  dry  the  gas ; 
this,  however,  to  a  certain  extent,  only  anticipates  the  tower. 
The  sulphuric  acid  serving  for  absorption  must  show  at  least  144° 
Tw.  j  but  this  is  only  a  minimum,  which  ought  to  be  exceeded  if 
possible;  acid  of  148°  absorbs  much  better,  that  of  150°  or  152° 
Tw.  better  still;  wherever  possible,  acid  of  152°  Tw.  should 
be  taken  for  the  absorption.  Such  acid  can  be  got  without  any 
difficulty  from  the  Glover  tower — with  more  difficulty  from  pans 
placed  on  the  top  of  the  pyrites-burners,  where  the  acid  rarely  gets 
beyond  144°.  Schwarzenberg  even  proposed  to  use  acid  of  170^ 
Tw.,  because  it  absorbs  three  times  as  much  as  that  of  141°;  but 
this  is  out  of  the  question,  owing  to  the  large  additional  cost  of 
concentrating  from  152°  to  170° 

Above  every  thing  care  must  be  taken  that  the  acid  used  for  ab- 
sorbing is  as  cool  as  possible.  Hot  acid  absorbs  very  badly ;  much 
nitre  is  lost;  and  at  the  same  time  a  weak  nitrous  vitriol  is  pro- 
duced. Borntrager  (Dingl.  Journ.  vol.  cclviii.  p.  230)  goes  so  far 
as  to  suggest  cooling  the  acid  down  to  5°  C,  but  it  is  hardly 
possible  to  go  to  that  length.  In  fact,  at  the  French  works  they 
believe  that  25°  is  the  best  working  temperature.  It  is  therefore 
necessary  either  to  provide  a  very  large  tank  for  cooling  the  vitriol 
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concentrated  in  pans  or  in  the  Glover  tower  before  it  is  used 
in  the  Gay-Lussac  tower,  or  else  (as  the  cooling  by  mere  exposure 
to  the  air  is  a  very  slow  process^  especially  in  summer^  and  in  large 
works  enormous  tanks  would  be  required  for  it)  special  cooling- 
apparatus  is  employed.  As  such  many  works  use  double  spouts — an 
outer  one  filled  with  water,  and  an  inner  one,  in  which  the  hot  acid 
runs.     In  this  case  it  is  rarely  possible  to  apply  the  rational  prin- 
ciple of  running  the  cooling-water  in  a  current  opposite  to  that  of 
the  acid  to  be  cooled,  because,  on  account  of  the  length  of  the  spouts^ 
there  is  no  fall  for  this.     Such  double  spouts  also  have  a  disagree- 
able tendency  to  swell  out  at  the  bottom  whenever  a  little  more 
pressure  takes  place,  because  the  lead  when  hot  diminishes  in 
strength,  which  in  any  case  is  not  considerable.    This  drawback  can 
be  avoided  by  the  arrangement  sketched  in  fig.  280,  viz.     -pig.  280. 
by  attaching  to  the  spout,  at  about  every  30  feet  of  its 
length,  a  tube  rising  perpendicularly  from  the  double       pM 
bottom  througli  the  upper  spout  and  bending  over  the 
side  of  the  latter ;  the  water  can  issue  out  of  this,  in  case  of  stronger 
pressure^  without  mixing  with  the  acid.     The  upright  tube  also 
serves  for  the  escape  of  the  air-bubbles  which  are  often  contained  in 
the  water,  and  which  may  stop  the  stream  as  well  as  cause  the 
spout  to  bulge  out. 

On  pp.  551  to  553  of  our  second  edition  a  tubular  cooling- 
apparatus  is  described  and  illustrated,  to  which  we  merely  refer  here 
as  it  is  now  obsolete. 

A  simpler  but  perfectly  efiBcient  cooling-apparatus  is  found  in 
most  German  works.  The  acid  runs  out  of  the  Glover  tower  immedi- 
ately into  a  cylindrical  trough  of  thick  lead,  about  2  feet  high  and 
wide,  and  runs  out  of  it  again  through  a  pipe  coming  away  side- 
ways from  its  bottom  and  turned  upwards.  In  the  trough  there 
is  a  narrowly  wound  lead  coil  or  even  two  such  coils,  through  which 
cold  water  is  continually  running  from  above ;  getting  heated  in 
the  bottom  part  of  the  coil,  it  rises  up  and  is  taken  away  hot  at 
the  top.  The  cooling  here  generally  goes  down  to  40°  C,  and  is 
supplemented  by  letting  the  acid  stand  in  tanks  ;  but  30°-35°  C. 
might  easily  be  attained.  This  is  a  very  rational  method  of  cooling, 
because  the  hot  acid  running  in  at  the  top  comes  into  contact  with 
the  upper,  hot  part  of  the  water-coil,  whilst  the  acid  ultimately 
flowing  away  from  the  bottom,  which  is  already  cooled  down  to  a 
great  extent^  is  cooled  still  further  by  the  cold  water  in  the  bottom 
of  the  coil.     There  is  also  no  trouble  caused  by  any  deposit  forming 
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in  the  acid^  if  there  is  a  sludge-valve  provided  iu  the  bottom 
of  the  trough. 

At  some  works  I  have  seen  a  good  cooler  which  I  describe  from 
notes  supplied  to  me  by  Dr.  Stahl.     A  flat  pan^  say  30  ft.  long, 

5  ft.  wide,  and  6  in.  deep,  made  of  wood  and  lined  with  6  lb.  lead, 
is  divided  lengthways  into  ten  narrow  channels  by  leaden  strips^ 
4  inches  wide   and  6  inches  apart.     Each  strip  stops  alternately 

6  inches  from  the  ends  of  the  pan,  so  that  a  zigzag  channel  is 
formed,  into  which  a  1-inch  or  ^-inch  lead  pipe  is  laid^  forming 
a  coil  of  200  feet  in  length.  The  acid  runs  through  the  zigzag 
trough,  and  cold  water  in  the  opposite  direction  through  the  lead 
pipe.  Where  the  hot  acid  enters,  a  double  loose  lining,  made  of  4  il. 
length  of  heavy  2-inch  pipe,  cut  open  lengthways,  is  put  into  the 
trough  in  order  to  protect  it ;  this  piece  must  be  renewed  about 
once  every  six  mouths,  and  if  this  be  observed  the  trough  will  not 
require  any  repairs  for  many  years.  A  cooler  of  the  above-stated 
dimensions  suffices  for  cooling  18  tons  of  hot  Glover-tower  acid 
down  to  about  30°  C.  every  24  hours. 

Crowder  (J.  Soc.  Chem.  Ind.  1891,  p.  300)  describes  a  cooling- 
arrangement  practically  identical  with  that  described  here ;  and 
he  gives  details  concerning  its  function.  The  acid  travels  altogether 
about  1000  feet,  and  its  temperature  is  brought  down  from  139^ 
or  149°  C.  to  28°  or  39°  C.  Further  on  (p.  304)  he  contends  that 
such  cooling  is  unnecessary  (except,  perhaps,  iu  order  to  save  the 
lead  from  quick  corrosion),  on  the  strength  of  laboratory  experi- 
ments in  which  acid  of  spec.  grav.  1*75  did  not  absorb  the  nitrous 
vapours  from  chamber-gascs  much  less  at  100°  than  at  the  ordinary 
temperature.  But  as  he  never  went  beyond  0*47  or  at  most  0*69 
per  cent.  N^O^  in  the  acid,  his  statements  are  not  to  the  point. 
We  know  from  experiments  made  on  the  nitrous-acid  tension  of 
sulphuric  acid  that  this  increases  rapidly  with  the  percentage 
of  N2O3,  and  in  all  cases  with  the  rise  of  the  temperature.  As  re- 
gards such  low  percentages  of  N20g  as  those  employed  by  Crowder, 
the  tension  of  NoOg  is  not  very  great  even  at  higher  tempera- 
tures ;  but  in  actual  work  we  must  aim  at  higher  percentages  of 
nitre,  in  which  case  any  higher  temperature  of  the  acid  would  act 
injuriously.  This  has  been  fully  confirmed  by  observations  com- 
municated by  Hasenclever  (Chem.  Ind.  1893,  p.  337).  A  high 
temperature  not  merely  prevents  the  absorption  of  N2O3,  but  even 
expels  it  from  stronger  nitrous  vitriol. 

At  large  works  the  two  systems  of  cooling  just  mentioned  are 
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sometimes  combined.  I  consider  as  perhaps  the  best  plan  a  per- 
pendicular cooler,  similar  to  that  which  has  been  adopted  at  several 
eoal-tar  works  for  cooliug  benzene  vapours  {comp.  Lunge's  '  Coal. 
Tar  and  Ammonia/  3rd  edition,  fig.  172,  p.  591) ;  that  is,  two  short, 
cylindrical  or  square  boxes,  one  above  the  other,  connected  by  a 
very  large  number  (50  to  100)  of  narrow,  perpendicular  pipes,  about 
2  feet  long  and  ^  inch  wide,  the  whole  standing  in  a  wider  tank  sup- 
plied with  cooling- water.  Hot  acid  is  run  into  the  top  box,  slowly 
finds  its  way  downward  through  the  thin  pipes,  which  possess 
a  very  large  cooling-surface,  and  arrives  cool  in  the  bottom 
box,  whence  it  rises  up  in  a  special  pipe  and  is  run  off  almost  on 
a  level  with  the  top  box.  The  bottom  box  must  be  provided  with 
a  sludge-valve.  Or  else  the  acid  is  contained  in  the  outer  tank, 
and  cooling- water  is  run  through  the  system  of  boxes  and  pipes 
just  described. 

Very  efficient  cooling  might  be  produced  by  the  action  of  a 
current  of  air,  either  by  forcing  this  through  the  hot  acid,  or  else 
by  running  this  down  a  tower  in  which  air  rises  up  by  the  action 
of  a  fan-blast  or  by  chimmey  draught ;  but  where  very  large  quan- 
tities have  to  be  treated,  the  supply  of  cooling-air  might  require 
too  much  power  to  be  economical. 

In  ordinary  circumstances  the  absorption  in  the  Gay-Lussac 
tower  requires  at  least  one  half  of  all  the  acid  produced.  This 
is  got  from  the  Glover  tower  without  any  other  cost  but  that 
of  pumping  up ;  in  the  case  of  other  denitrating  apparatus  the  cost 
of  concentration  has  to  be  added  to  this.  Frequently  the  necessary 
quantity  of  absorbing-acid  is  stated  at  a  lower  figure — ^for  instance, 
as  one-third  of  the  whole  production ;  but  this  in  most  cases  is 
certainly  insufficient,  and  no  doubt  a  large  loss  of  nitre  would 
result  from  it.  On  the  other  hand,  manufacturers  working  with 
Glover  towers,  who,  apart  from  the  trifling  expense  of  pumping, 
have  no  concentrating-expenses  at  all,  send  all  their  acid  once  a 
day  through  the  Gay-Lussac  tower.  This  is  quite  right.  Bode 
(*  On  the  Glover  Tower,'  p.  49)  calculates  that  with  a  loss  of  4 
parts  of  nitre  or  1*75  of  N2O3  to  100  parts  of  acid  of  170°  Tw.,  the 
absorption  requires  at  least  56  per  cent,  of  all  the  acid  of  144° 
manufactured,  if  very  strong  nitrous  vitriol  (with  1*75  percent, 
of  N2O3)  is  to  be  obtained.  Such  strong  nitrous  vitriol,  however, 
is  not  obtained  in  ordinary  working ;  and  therefore  considerably 
more  than  56  per  cent,  of  all  the  acid  manufactured  must  be  run 
through  the  Gay-Lussac  tower  in  order  not  to  lose  any  nitre.     In 
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fact,  some  manufacturers  send  much  more  than  their  daily  make 
through  the  Gay-Lussac  towers ;  but  at  some  of  the  best-conducted 
works  they  manage  with  about  f  or  ^  of  the  daily  make.  Of  course, 
everything  depends  upon  the  style  of  working  the  chambers.  With 
the  ordinary  style,  where  there  is  about  20  cubic  feet  of  chamber- 
space  to  each  lb.  of  sulphur  burnt  in  24  hours,  the  above-quoted 
figures  are  quite  sufQcient ;  but  the  forced  style  of  work,  frequently 
adopted  in  France,  where  there  is  not  much  more  than  half  the  just- 
mentioned  chamber-space  (pp.  463,  561,  581,  and  below),  cannot 
be  kept  up  except  by  a  very  large  floating  capital  of  nitre,  and  in  this 
case  twice  or  more  the  daily  production  of  acid  has  to  pass  through 
the  Gay-Lussac  tower.  I  am,  even  in  England,  acquainted  with 
two  very  large  works  (belonging  to  the  same  firm)  in  which  the 
quantity  of  acid  run  down  the  Gay-Lussac  towers  is  from  three  to 
four  times  the  daily  make ;  and  in  this  case  the  ordinary  chamber- 
space  of  20  cubic  feet  is  allowed.  But  it  seems  doubtful  whether 
such  an  enormous  feed  of  the  towers  is  advantageous  (apart  from 
the  cost  of  pumping),  considering  the  action  of  the  coke  on  nitrous 
vitriol  (pp.  231,  485,  585).  At  other  works  I  have  found  1^  or  1^ 
times  the  daily  make  of  acid  run  through  the  Gay-Lussac  tower, 
and  so  forth. 

At  Griesheim  they  employ  75  per  cent.,  at  Stolberg  (1902)  about 
200  per  cent,  of  the  daily  make  in  the  Gay-Lussac  tower. 

Sorel  ('  Traits,'  p.  812)  supplied  a  Gay-Lussac  tower  at  one  of 
the  St.-Gobain  works  with  39,000  litres  acid  of  60°  where  the 
chambers  produced  2*75  kils.  H2SO^  per  cubic  metre,  with 
45,000  litres  for  a  production  of  30  kils.,  with  52,000  litres  for 
3-5  kils.,  and  with  62,000  litres  for  the  *^ high-pressure"  production 
of  4  kils.  per  cubic  metre.  In  every  case  the  average  consumption 
of  nitre  was  08  kil.  for  100  kila.  H2SO4,  or  2*45  kils.  for  100  kils. 
sulphur  burned.  [This  statement  differs  very  much  from  the 
figures  given  by  Mr.  G.  E.  Davis  {supra,  p.  469),  according  to 
M  hich  the  consumption  of  nitre  was  much  greater  in  the  case  of 
high-pressure  work,  but  even  as  regards  the  easiest  work  it  was 
much  higher  than  the  consumption  attained  by  Sorel  at  high- 
pressure  work.] 

The  specific  gravity  of  the  nitrous  vitriol,  as  the  acid  issuing  at  the 
foot  of  the  Gay-Lussac  tower  is  called,  does  not  differ  very  much 
from  that  of  the  acid  fed  in  at  the  top.  In  the  usual  case,  where 
there  is  ample  chamber-space  and  the   sulphuric  acid  is  almost 
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entirely  condensed  in  the  last  chamber,  the  mixture  still  neces* 
sarily  present  in  the  exit-gases  is^  of  course,  absorbed  by  the 
stronger  acid  in  the  Gay-Lussac  tower,  and  the  nitrous  vitriol 
running  out  at  the  foot  is  then  1^  or  even  2°  Tw.  weaker  than  the 
feeding-acid.  But  with  the  '' forced  style''  of  working  in  France 
there  is  a  considerable  quantity  of  acid  contained  in  the  exit-gases 
in  the  shape  of  mist,  which  is  retained  in  the  Gay-Lussac  tower, 
and^  added  to  the  nitrososulphuric  acid  absorbed,  may  make  the 
nitrons  vitriol  even  a  little  stronger  than  the  feeding-acid. 

When  properly  treated,  nitrous  vitriol  ought  to  be  very  little 
coloured,  and  should  have  only  a  slight  smell  of  nitrous  acid;  but  on 
Ijeing  diluted  with  water,  especially  hot  water,  it  ought  to  efPervesce 
strongly  and  give  off  thick  red  vapours.  At  a  few  works  this 
rough  test  is  considered  sufficient  for  judging  of  the  quality  of  the 
nitrous  vitriol ;  but  at  all  the  better  works  it  is  probably  tested  in 
the  laboratory,  which  can  be  accomplished  in  a  very  short  time  by 
the  permanganate  method  (comp.  p.  263).  Now  and  then  this 
should  be  supplemented  by  a  testing  in  the  nitrometer,  in  order  to 
make  sure  that  nitric  acid  is  present  or  not.  By  these  testings 
it  can  be  seen  from  day  to  day  whether  the  percentage  of  nitre 
increases  or  decreases.  In  the  former  case,  if  the  other  tests  of 
the  chamber-process  agree  with  it,  this  is  an  intimation  that  some 
of  the  nitre  must  be  taken  off ;  in  the  latter  case  this  test  will, 
better  than  any  other,  show,  before  any  damage  has  been  done, 
that  more  nitre  is  required.  In  any  case  nitrous  vitriol  should 
not  contain  less  than  1  per  cent,  of  N2O3 ;  above  2^  per  cent,  it  is 
too  strong,  and  there  is  danger  of  nitrous  gas  escaping  without 
being  absorbed,  which  can  be  controlled  by  the  colour  of  the  exit- 
'^  sight.''  In  this  case  more  strong  acid  must  be  charged  at  the 
top ;  and  if  there  is  an  excess  of  nitre-gas  in  the  chambers,  a  little 
less  nitre  must  be  used. 

The  Gay-Lussac  acid,  or  nitrous  vitriol,  is  essentially  a  solution 
of  nitrososulphuric  acid  (''  chamber-crystals  ")  in  sulphuric  acid. 
Formerly  it  was  believed  that  it  regularly  contained  some  nitrogen 
peroxide  or  nitric  acid  (Winkler,  Kolb,  Hurter,  Davis,  &c.)  ;  but 
this  assertion  was  only  caused  by  the  imperfection  of  the  then 
employed  analytical  methods,  as  shown  for  Winkler^s  and  Kolb^s 
results  by  myself  (Chem.  News,  vol.  xxxvi.  p.  147),  the  nitric  acid 
being  generated  during  the  analyses  themselves.  The  contrary 
fact,  viz.  that  ordinary  nitrous  vitriol   contains   no  appreciable 
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quantity  of  nitric  acid,  was  first  proved  by  me ;  and  it  has  been 
confirmed  by  several  subsequent  investigators.  This  is  even  the 
case  when  so  much  nitre  has  been  introduced  intentionally,  as  in 
Lunge  and  Naef's  experiments,  or  by  inadvertence,  that  the  last 
chamber  contains  some  nitrogen  peroxide  (Chem.  Ind.  1884,  p.  10). 
It  has  been  shown  before  (pp.  231,  485,  585)  that  this  is  no  doubt 
due  to  a  reduction  of  the  nitric  acid,  originally  formed  from  the 
nitrogen  peroxide,  by  the  coke  packing  of  the  Gay-Lussac  towers  • 
With  columns  filled  with  a  non-reducing  packing  probably  nitrous 
vitriol  containing  nitnc  acid  would  be  much  more  frequently  met 
with ;  but  with  coke-towers,  and  with  the  ordinary  style  of  working 
employed  in  all  English  and  German  and  formerly  also  in  all  French 
works,  it  is  one  of  the  signs  of  the  regularity  of  the  process 
if  no  nitric  acid  occurs  in  the  nitrous  vitriol.  Probably  it  is 
diflferent  with  the  French  "  forced  style/'  where  the  chambers  are 
made  to  turn  out  nearly  twice  as  much  as  before,  by  supplying  them 
with  a  comparatively  enormous  quantity  of  nitre  (without,  how- 
ever, losing  more  of  it  in  the  long  run,  owing  to  correspondingly 
large  Gay-Lussac  towers).  In  this  case  it  follows  most  distinctly, 
from  Lunge  and  NaePs  observations  (next  Chapter),  that  there 
must  be  a  large  quantity  of  nitrogen  peroxide  in  the  last  chamber^ 
too  large  to  be  completely  reduced  by  the  coke  to  N2O3,  so  that 
the  nitrous  vitriol  will  be  found  to  contain  some  nitric  acid. 

A  very  strange  error  has  for  many  years  existed,  both  in  all 
publications  on  the  subject,  and  in  the  ideas  of  nearly  all  those 
practically  concerned  in  the  manufacture  of  sulphuric  acid  who 
gave  any  attention  to  the  chemistry  of  the  subject.  This  error  is  : 
that  nitrogen  peroxide,  N2O4,  forms  only  a  "loose"  combination 
with  sulphuric  acid  of  such  concentration  as  is  employed  for  working 
the  Gay-Lussac  tower,  and  that,  therefore,  very  little  NgO^  is  ab- 
sorbed in  that  tower,  unless  it  can  be  there  reduced  by  SOs  to  N2O3. 
This  erroneous  assumption,  coupled  with  another  error,  viz.  that 
the  "  nitre  '^  in  the  chamber  exit-gases  consists  essentially  of  N,©!, 
and  the  true  observation  that  the  ^'  nitrous  vitriol  '^  generated  in 
the  Gay-Lussac  tower  does  not  contain  anything  but  N^Os,  has  led 
to  the  invention  of  Brivet,  Lasue,  and  Benker  (G.  P.  17,154), 
who  introduce  into  the  exit-gases,  on  their  way  between  the  last 
chamber  and  the  Gay-Lussac  tower,  a  certain  quantity  of  burner- 
gas,  by  means  of  a  steam-jet.  The  excess  of  moisture  thus 
imparted   to  the  burner-gas  is  removed  by  means  of  a  small 
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coke*tower  fed  with  Olover-tower  acid^  and  the  gas  is  now  mixed 
with  the  chamber-gases  before  entering  the  Ghiy-Lussac  tower.  It 
was  supposed  that  the  nitrogen  peroxide  would  thus  be  reduced : 

N204+S08  +  H2S04=2SO,  (OH)  (ONO). 

No  doubt  this  would  be  really  the  case  if  an  appreciable 
quantity  of  '^  free  *'  N9O4  did  exist  in  properly  composed  exit- 
gases  ;  but  this  is  not  so^  at  least  with  the  ordinary^  not  '^  forced^'' 
work.  I  have,  moreover,  conclusively  proved  (BerL  Ber.  1882, 
p.  488)  that  there  is  no  foundation  for  the  assumptions  underlying 
the  above-mentioned  patent,  more  especially  the  idea  that  ^%0^ 
did  not  easily  and  completely  dissolve  in  sulphuric  add  of  142°  Tw. 
In  fact  the  first  favourable  reports  upon  the  practical  success  of 
that  patent  process  have  not  been  confirmed  by  subsequent  obser- 
vations, and  it  must  be  held  that  for  properly-managed  chambers 
the  process  offers  no  advantage. 

Benker  has  several  times'  reverted  to  proposals,  founded  upon 
the  alleged  difficulty  of  absorbing  N2O4  in  the  Oay-Lussac  tower, 
by  introducing  SO2  at  some  place  where  it  is  to  reduce  N2O4  to 
N9O3;  he  has,  however,  found  that  this  cannot  be  done  in  the 
Ghty-Lussac  tower  itself,  and  he  therefore  injects  the  SO2  into  the 
last  chamber  or  a  special  chamber  placed  between  this  and  the  Oay- 
Lussac  tower  (O.  P.  88,368).  The  mixture  of  gases  in  this  case 
should  be  very  thorough,  and  it  is  therefore  preferable  to  employ 
the  SO3  not  as  burner-gas,  but  iu  the  shape  of  a  large  quantity  of 
gas  from  the  first  chamber,  where  much  SO2  is  still  present 
(G.  F.  91,260).  This  last  idea  is  evidently  much  the  same  as  the 
various  proposals  formerly  made  for  mixing  the  chamber-gases 
from  various  parts  of  the  system  {supray  p.  476). 

The  success  of  the  working  of  the  Gay-Lussac  towers  depends 
also  upon  the  proper  regulation  of  the  draught.  If  the  draught 
is  insufficient,  the  chamber-process  will  from  the  outset  be  injured 
by  the  continual  leakage  of  gas  and  by  all  the  other  drawbacks 
already  enumerated,  and  especially  by  the  behariour  of  the  pyrites 
in  burning.  In  that  case  the  Gay-Lussac  tower  itself  will  not 
work  properly ;  for  unless  a  sufficient  excess  of  oxygen  be  present 
in  the  last  chamber  before  the  gas  leaves  it,  unoxidized  nitric 
oxide  will  remain  behind,  which  will  pass  through  the  tower 
unabeorbed  and  only  form  red  vapours  when  issuing  into  the 
outer  air.     At  the  same  time  there  will  be  sulphur  dioxide  present 
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in  this  case;  and  this  acts  still  worse,  since  it  decomposes  the 
nitrososulphuric  acid  still  present  in  the  vitriol  with  which  the 
coke  in  the  tower  is  soaked^  and  carries  away  its  nitre  as  nitric 
oxide.  If  the  waste  gas^  as  previously  insisted  upon,  contains 
5  or  6  per  cent,  of  free  oxygen,  the  above  cannot  happen  to  an 
appreciable  extent. 

If,  on  the  other  hand,  the  draught  is  too  strong,  and  therefore 
the  kiln-gas  is  too  poor,  the  sulphur  dioxide  will  not  have  time  to 
condense  within  the  chambers  as  sulphuric  acid ;  it  will  partly  get 
into  the  tower,  and  there  cause  the  decomposition  just  mentioned 
and  loss  of  nitrous  compounds. 

In  both  cases,  therefore,  the  same  result  will  happen  as  if  the 
last  chamber  did  not  contain  an  excess  of  nitre-gas ;  and  if  nitre 
is  too  much  economized,  it  will  indeed  be  wasted  all  the  more  in 
the  way  just  described,  the  sulphurous  acid  driving  off  the  nitrogen 
of  the  tower-acid  into  the  air  in  the  shape  of  nitric  oxide. 

Such  a  faulty  working  of  the  tower  will  reveal  itself  by  the 
escape  of  too  much  red  vapours  out  of  the  chimney,  by  the  tests  of 
the  tower-acid,  and  even  by  its  appearance,  since  the  acid,  which 
otherwise  is  nearly  or  quite  colourless,  turns  of  a  dark  purple,  and 
is  filled  with  countless  small  bubbles  of  nitric  oxide,  at  the  same 
time  getting  heated  by  the  formation  of  sulphuric  acid  (Bode,  in  a 
note  to  the  translation  of  H.  A.  Smith's  pamphlet,  p.  122).  It  is 
therefore  the  worst  case  of  all,  if  alternately  sulphur  dioxide  gets 
into  the  tower  and  the  reverse.  In  that  case  nitrous  vitriol  is 
alternately  produced  and  again  decomposed.  When,  however, 
sulphur  dioxide  constantly  passes  into  the  tower,  there  is  no 
absorption  of  nitre-gas  at  all^  and  the  tower  in  this  case  does  not 
act  as  an  absorbing-apparatus,  but  simply  as  a  continuation  of  the 
chamber-space  (Bode,  ib.  p.  124).  This  proves,  as  Bode  justly 
remarks,  that  one  improvement,  viz.  the  recovery  of  the  nitrous 
acid,  necessarily  led  to  another,  viz.  to  a  better  condensation  of 
the  sulphur  dioxide,  or  a  better  yield  on  the  sulphur  burnt. 

The  loss  of  nitre  caused  by  this  imperfect  action  has  been  often 
underestimated,  especially  formerly  when  the  methods  for  testing 
the  exits  were  defective ;  indeed  the  very  reasons  which  impede 
the  full  action  of  the  Gay-Lussac  tower  will  cause  similar  losses 
during  the  bubbling  of  the  exit-gases  for  the  purpose  of  testing 
through  the  absorbing-liquids  on  the  small  scale.  It  is  quite 
certain  that  the  loss  of  nitre  in  the  exit-gases  indicated  by  Jurisch 
and  others  is  far  below  the  truth,  and  that  this  vitiates  by  itself 
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most  of  the  reasoning  concerning  the  '^  chemical  loss ''  in  the 
Glover  tower.  Benker  (quoted  by  Sorel  in  his  '  Traits/  p.  318) 
has  found  that  the  Gay-Lussac  sometimes  lets  two-thirds  of  the 
nitrous  gases  escape^  and  Sorel  (pp.  313  &  393)  agrees  with  him, 
on  the  strength  of  calculations  founded  upon  the  vapour-tension 
of  NsOg  in  nitrous  vitriol.  He  found  this  unavoidable  loss  to  cover 
very  nearly  the  whole  loss  of  nitre  in  his  chamber  system^  viz. 
2-66  per  cent,  out  of  28  per  cent.  Na  NOj  for  100  S,  leaving 
practically  no  '^  chemical  loss/'  seeing  that  a  little  nitre  escapes 
with  the  sulphuric  acid  withdrawn  for  use  or  sale. 

The  exit-gases  issuing  from  the  Gay-Lussac  towers,  even  when 
these  are  of  very  large  dimensions,  are  never  free  from  either 
sulphur  or  nitrogen  acids,  and  must  be  regularly  tested  to  comply 
with  the  demands  made  by  law,  as  will  be  described  later  on. 

We  cannot  indeed  expect  the  Gay-Lussac  tower  to  absolutely 
retain  the  last  traces  of  acids,  especially  the  nitrous  fiimes,  for  the 
following  reasons :  that  a  solution  of  NsOg  or  of  HSO5N  in  sul- 
phuric acid  of  140°  Tw.  possesses  already  a  certain  vapour-tension, 
causing  some  N^Os  to  be  volatized  in  a  current  of  air  (comp. 
p.  228)  ;  that  the  contact  of  the  gases  with  the  acid  can  never 
be  made  absolutely  perfect ;  and  that  the  time  during  which  this 
contact  takes  place  is  very  short.  Sorel  (/.  c.  p.  313),  calculates  it 
for  the  best  and  largest  apparatus  at  two  minutes  as  a  maximum. 

It  is  a  well-known  fact  that  at  the  very  best-managed  acid-works 
the  gas  issuing  from  the  Gay-Lussac  tower  has  a  slight  ruddy  or 
orange  colour,  most  of  which  is  probably  caused  by  NO,  which 
finds  too  little  oxygen  within  the  tower,  but  turns  into  NO2  in 
contact  with  air.  Most  acid-makers  regard  it,  from  experience,  as 
a  bad  sign  for  the  working  of  the  chambers,  if  the  orange  vapours 
entirely  cease.  The  Benker  process  (p.  626)  which  has  a  tendency 
to  increase  the  quantity  of  NO  must  also  increase  this  orange 
vapour  in  the  exit-gases,  which,  of  course,  is  best  noticed  where  the 
gases  issue  from  the  Gay-Lussac  straight  into  the  air,  not  into  a 
chimney. 

Crowder  (J.  Soc.  Chera.  Ind.  1891,  p.  303)  gives  a  table  of 
averages  of  the  amount  of  acids  contained  in  the  gases  both  on 
entering  and  on  leaving  the  Gay-Lussac  tower.  The  gases  on 
entering  contain  from  3  to  4  grains  of  acid  per  cubic  foot, 
reckoned  as  SOg  (but  in  reality  consisting  of  SO2,  H2SO4  in  the 
shape  of  mist  and  nitrogen  acids),  on  leaving  only  about  1  or  2 
grains.     He  believes  that^  if  the  gases  contain  more  than  this 
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quantity^  it  indicates  that  sulphur  dioxide  has  penetrated  into  the 
absorbing-tower^  the  result  being  a  reduction  of  nitrous  acid  and 
loss  of  nitre.  On  principle  this  is^  of  course^  correct  (comp.  p.  627) , 
but  it  is  not  certain  whether  the  above  amount  is  the  real  limit  in 
all  ordinary  cases.  Crowder  also  noticed  that  the  proportion  of 
oxygen  in  the  gases  issuing  from  the  tower  is  always  slightly  lai^er 
(0*08  to  0*54  per  cent.)  than  that  passing  in.  The  explanation  of 
this  phenomenon  proposed  by  him^  viz.  the  diminution  of  volume 
consequent  upon  the  removal  of  SO3  or  some  decomposition  of  the 
oxides  of  nitrogen,  is  altogether  inadmissible ;  any  chemical  action 
of  the  SO2  and  the  nitrogen  oxides  within  the  Gay-Lussac  tower 
could  only  tend  to  diminish^  not  to  increase,  the  amount  of  oxygen, 
and  the  shrinkage  caused  by  the  removal  of  those  gases  is  far  too 
slight  to  be  observed  in  gas-analysis  (it  is,  of  course,  useless  to 
expect  such  gas-tests  to  give  accurate  results,  even  in  the  first 
decimal  per  cent.) .  I  have  little  doubt  that  Crowder^s  observation 
was  due  to  some  air  being  drawn  into  the  exit-tube  by  a  slight  leak 
or  by  the  feeding-holes  sucking  in  a  little  air ;  this  is  extremely 
probable^  as  the  Gay-Lussac  tower  offers  a  very  great  resistance  to 
the  draughty  and  the  inward  suction  at  the  exit-tube^  as  shown  by 
an  air-gauge^  is  consequently  many  times  greater  than  that  at  the 
inlet-tube. 

Attempts  have  been  made,  but  hitherto  entirely  in  vain,  to  absorb 
or  utilize  the  last  traces  of  acids  in  the  exit-gases.  Sometimes 
they  are  washed  with  water  in  a  small  coke-tower  or  plate-column, 
but  this  does  not  do  much  good. 

Mitarnowski  and  Benker  (French  pat.  212,989)  propose  passing 
these  gases  through  a  solution  of  ferric  sulphate,  or  through  a 
column  charged  with  granulated  copper  and  fed  with  water,  in 
order  to  produce  sulphate  of  copper ;  but  this  will  hardly  pay,  for 
the  same  reason  as  that  which  is  at  the  bottom  of  the  necessarily 
incomplete  action  of  the  Gay-Lussac  tower. 

A  proposal  made  by  Fremy  to  absorb  the  SO^  in  the  exit-gases 
from  the  Gay-Lussac  tower  by  a  coke-tower  fed  with  nitric  acid 
is  characterized  by  Sorel  himself,  who  reports  it  (^  Traite,'  p.  314), 
as  an  absurdity,  and  an  idea  never  likely  to  be  carried  out  in 
practice,  since  there  is  trouble  enough  to  keep  back  the  nitrous 
vapours  without  creating  them  anew  at  the  last.  Pr^my^s 
designation  "  tour  aeronitrique  "  is  the  only  fine  thing  about  this 
proposal. 
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VarioiM  plans  for  recovering  the  Nitre  in  other  ways. 

Merely  for  the  sake  of  completeness  it  may  be  mentioned  that 
several  other  plans  have  been  proposed  for  utilizing  the  nitre-gas 
escaping  from  the  chambers.  Not  one  of  these  has  ever  possessed 
any  practical  value ;  and  they  can  hardly  be  said  to  have  even  an 
historical  interest^  since  they  have  never  been  employed  except  in  a 
few  isolated  cases.  Kuhlmann^  for  instance^  employed  30  Woulfe^s 
bottles,  the  first  ten  of  which  were  filled  with  water,  the  second  ten 
with  a  solution  of  barium  nitrate,  and  the  third  ten  with  barium 
carbonate  suspended  in  water ;  the  mixture  resulting  in  the  last  ten 
bottles  was  used  in  the  second  ten  bottles,  where  barium  sulphate 
C  permanent  white ''  or  ''  blanc  fixe  '^)  was  precipitated.  Others 
have  used  milk  of  lime,  ammoniacal  liquor,  or  even  pure  water 
for  the  absorption  of  the  acid  vapours.  All  these  plans  are  so  very 
much  less  advantageous  or  complete  than  Oay-Lussac's  process 
that  they  cannot  at  all  compete  with  it. 

G.  Wachtel  (Dingl.  Joum.  vol.  ccxlv.  p.  517)  proposed  forcing  the 
exit-gases  by  means  of  a  Korting's  injector  through  a  red-hot  iron 
or  fire-clay  retort  filled  with  iron-turnings.  Here  the  nitre-gas  is  to 
be  reduced  to  ammonia,  which  is  to  be  absorbed  by  hydrochloric  or 
sulphuric  acid.  Nobody  seems  to  have  been  rash  enough  to  make 
a  practical  trial  of  this  plan. 

Denitration  of  the  Nitrous  Vitriol. 

Tiie  operation  going  on  in  the  Gay-Lussac  towers  whose  final 
result  is  the  production  of  an  acid  more  or  less  charged  with 
nitrous  compounds,  viz.  the  '^nitrous  vitriol/^  requires  for  its 
necessary  complement  another  operation,  by  which  the  nitrous 
vitriol,  which  by  itself  has  no  practical  use,  can  be  reintroduced 
into  the  chamber-process,  both  in  order  that  the  absorbed  nitrous 
compounds  may  be  restored,  and  that  the  sulphuric  acid  originally 
employed  may  be  recovered  in  a  pure  state.  It  cannot  be  denied 
that  Gay-Lussac  was  not  sufficiently  successful  in  completing  his 
invention  (which  has  proved  so  important  and  useful  in  the  manu- 
facture of  sulphuric  acid)  in  this  particular ;  and  it  is  more  than 
probable  that  the  slow  extension  of  his  process,  nay,  even  the  far 
from  exceptional  abandonment  of  it  where  it  had  been  introduced  in 
the  first  instance,  must  be  attributed  to  the  fact  that  the  denitration 
of  the  nitrous  vitriol  was  attended  with  too  many  difficulties, 
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expenses,  and  breakdowns  of  apparatus.  The  invention  of  the 
Glover  tower,  which  does  away  with  all  this,  must  therefore  be 
regarded  as  almost  equally  important  as  that  of  the  Gay-Lussac 
tower  itself;  and  in  fact  the  general  introduction  of  the  latter 
only  dates  from  the  time  when  manufacturers  were  able  to  combine 
it  with  the  Glover  tower. 

The  various  contrivances  for  denitrating  nitrous  vitriol  were 
described  and  criticised  thoroughly  and  in  detail  by  Fr.  Bode, 
in  1876,  in  a  paper  "  On  the  Glover  Tower,**  which  obtained  the 
great  prize  of  the  Berlin  Society  for  the  Promotion  of  Industry  ; 
and  this  essay  has  been  used  to  a  great  extent  in  the  following  de- 
scription. Bode's  paper  has  also  been  published  by  instalments  in 
'  Dingler's  Journal/  vols,  ccxxiii.  to  ccxxv. 

The  methods  for  denitrating  nitrous  vitriol  are  founded,  on  the 
one  hand,  on  diluting  it  either  with  hot  water  or  steam,  or  with  a 
combination  of  both,  and,  on  the  other  hand,  on  the  action  of  sul- 
phurous acid,  mostly  along  with  a  certain  amount  of  dilution.  That 
in  these  cases  the  nitrososulphuric  acid  is  completely  decomposed, 
either  by  the  dilution  or  the  action  of  the  sulphuric  acid,  has  been 
proved  in  detail  from  theoretical  investigations.  We  shall  now 
treat  of  the  apparatus  and  modes  of  procedure  employed  in  practice 
for  that  purpose. 

One  of  the  oldest  apparatus  was  described  in  Payen's  '  Cimie 
Industrielle,*  and  has  been  copied  from  this  into  most  text-books  ; 
it  may  be  called  the  "  shelf-apparatus.'* 

It  is  shown  in  Fig.  281  and  is  easily  understood :  F  tank  for 
nitrous  vitriol,  e  outlet-tap,  d  inlet-pipe,  a  a  shelves  with  overflow- 
edge,  /,  which  retains  a  4-inch  layer  of  acid  on  each  shelf,  C  inlet 
for  burner-gas,  b  steam-pipe,  c  outlet  for  denitrated  acid  into  the 
lead  chamber  D,  E  outlet  for  nitrous  fumes. 

Another  apparatus,  constructed  on  the  same  principle  as  that  just 
described,  is  the  "  Denitrificateur  *'  proposed  by  Gay-Lussac  him- 
self. It  is  a  lead  column  of  square  or  circular  section,  provided 
with  a  grating  a  little  above  the  bottom,  and  packed  with  coke  on  the 
top  of  this.  The  nitrous  acid  runs  in  at  the  top,  and  is  scattered 
by  means  of  a  rose.  Below  the  grating  the  gas  of  the  sulphur-  or 
pyrites-burners  enters  and  meets  the  nitrous  vitriol  descending ;  at 
the  same  time  either  a  jet  of  steam  is  introduced  separately,  or 
the  gas  is  previously  conducted  through  tanks  filled  with  water,  in 
order  to  be  saturated  with  moisture. 


DENITBATION  BY  STEAH  AND  SULPHUR  DIOXIDE.  OOS 

In  these  apparatus  the  denitration  evidently  takes  place  hy  the 
joint  action  of  the  steam  and  the  sulphur  dioxide.  The  acid  ought 
to  arrive  at  the  bottom  entirely  free  from  nitrogen  compounds  j  but 
it  is  then  so  dilute  that  it  must  be  ran  back  into  the  chambers.  Such 
apparatOB  are  not  to  be  found  in  use  in  any  place  at  the  present  day, 
for  good  reasons.  Since  the  acid  is  in  them  dilated  to  the  same 
extent  as  in  the  process  of  denitrating  by  hot  water  or  steam  alone, 
they  present  no  advantage  over  the  latter ;  indeed  they  were  in  the 

I-V  281. 


first  instance  replaced  by  the  latter  processes.  But  the  apparatus 
just  described  have  this  drawback,  that  they  last  a  very  short  time, 
on  accoant  of  the  rapid  destruction  of  the  lead.  The  destructive 
action  is  always  very  strong  in  the  first  chambers,  which,  even 
under  the  best  conditions,  and  in  the  presence  of  a  Glover  tower, 
suffer  more  than  the  remaining  chambers,  and  have  to  be  made  of 
thicker  lead  if  they  are  to  last  as  long.  This  is  due  partly  to  the 
heat  of  the  gas,  partly  to  the  nitrous  compounds  themselves.  It 
is  evident  that  much  more  of  this  action  must  take  place  in  a  very 
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small  obambeTj  suet  as  the  "  shelf-apparatus  "  or  Gay-Lussac's 
"  D6iitrificateur,"  The  worst,  however,  of  these'apparatus  is  that 
the  steam  introduced  into  them  necessarily  leads  to  the  condensa- 
tion of  very  dilute  sulphuric  acid  and  nitric  acid  on  the  aides  of  the 
apparatus,  which  must  rapidly  corrode  the  lead.  Moreover,  cod- 
sidering  the  small- size  of  the  chambers  serving  as  shetf-apparatas 
or  d^nitrificateurs,  any  changes  in  the  chamber-process,  in  the 
composition  of  the  kiln-gas,  of  the  supply  of  steam,  of  the  oater 
temperature,  &c.  must  be  felt  in  them  very  much  more  than  in  a 
large  lead  chamber.  Therefore,  from  time  to  time,  stronger  nitrons 
vitriol  will  condense  on  the  walls,  and  be  diluted  directly  after  by 
an  increased  condensation  of  water,  and  thus  become  charged  with 
nitric  acid.  As  every  practical  man  knows,  the  interior  walls  of  a 
working  lead  chamber  are  always  covered  with  a  white  slimy  lining 
of  lead  sulphate,  which  retains  acid  like  a  sponge,  but  at  the  same 
time  protects  the  lead  from  further  action,  until  such  time  aa  the 
acid  is  diluted  by  condensed  steam,  gas  is  given  off  irom  it,  and 
the  slimy  mass  of  lead  sulphate  is  loosened  and  washed  off,  where- 
upon the  lead  is  again  exposed  to  fresh  attacks.  The  older  deni- 
trating- apparatus,  therefore,  were  exposed  to  very  rapid  destruction, 
because  they  employed  the  simultaneous  action  of  sulphur  dioxide 
and  of  steam,  and  were  therefore  soon  abandoned. 

In  England,  most  manufacturers  passed  over  to  diluting  the 
nitrous  vitriol  in  separate  small  boxes  ivilh  water  and  steam, 
whilst  on  the  Continent  usually  "  steam-columns  "  or  "  cascades  " 
were  preferred.  The  English  arrangement,  such  as  was  almost 
general  in  former  years,  and  has 
only   been  placed  in  the   back-  llg,  280. 

ground  by  the  Glover  tower,  is 
shown  iu  fig.  282.     a  is  a  lead 

vessel,  about  1  foot  high  and  18  ^ 

inches  wide,  which  stauds  within 
the  lead  chamber,  very  near  the 
inlet  for  the  kiln-gases.  Three 
pipes,  b,  c,  and  d,  lead  into  a, 
passing  through  the  side  of  the 
chamber  and  burnt  into  it.  Of 
these  b  conveys  steam,  c  water, 
and  </ nitrous  vitriol ;  c  and  (/end 

in  funnels,  through  which  the  liquids  run.  The  steam  comes 
from  a  steam-boiler.     The  vessel  a  is  first  filled  with  water  ;  this  is 
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then  heated  to  the  boiliDg-point  by  steam ;  and  now  steam^  water, 
and  nitrous  vitriol  are  admitted  in  such  proportions  that  the  latter 
is  completely  denitrated  before  it  can  run  over  out  of  the  box  a. 
The  proximity  of  the  gas  coming  from  the  pyrites-burners  acts  in 
this  way :  the  escaping  oxides  of  nitrogen  are  at  once  spread 
through  the  chamber  and  are  mixed  with  the  other  gases ;  and  at 
the  same  time  the  gas  protects  the  lead  against  corrosion. 

More  perfect  is  the  arrangement  formerly  usual  on  the  Continent, 
where  the  denitration  takes  place  on  cascades,  exactly  similar  to 
those  described  previously  (p.  519),  only  with  the  addition  of  a 
contrivance  for  introducing  hot  water. 

The  denitration  by  steam  alone,  or  by  steam  with  very  little  water, 
takes  place  in  the  so-called  steam-column,  which  is  shown  in 
fig.  283  on  a  scale  of  1  :  26,  as  it  was  worked  at  Freiberg  some 
time  ago.  It  consists  of  a  cylinder  of  strong  sheet-lead,  11  feet 
6  inches  high,  3  feet  wide,  composed  of  three  drums,  joined  at  a 
and  b,  and  strengthened  by  hoops.  It  is  lined  with  acid-proof 
bricks,  B,  joined  by  a  mortar  made  of  fireclay  and  boiled  tar  [or 
of  asbestos  and  silicate  of  soda,  comp.  pp.  120  &  619] .  The  bottom 
is  formed  by  a  lead  plate  A  (or  better  a  loose  saucer),  the  top  by  a 
stoneware  slab  C.  D  is  the  feed-pipe  for  acid,  E  outlet  for  nitrous 
vapours,  F  steam-pipe,  whose  mouth  is  covered  up  and  built  round 
with  bricks  in  such  a  way  that  proper  channels  remain  for  the  steam 
and  the  acid.  On  the  top  of  this  the  column  is  filled  with  bits  of 
flint  nearly  up  to  its  cover ;  they  are  about  the  size  of  a  fist  near 
the  bottom,  and  decrease  towards  the  top  to  the  size  of  a  walnut. 
In  place  of  these  some  works  use  bits  of  broken  stoneware.  The 
nitrous  vitriol  running  in  at  the  top  trickles  down  through  the 
bits  of  flint,  and  is  decomposed  in  this  way  by  the  rising  steam. 
Whilst  the  nitrous  acid  given  oflF  from  it  goes  away  into  the 
chamber  through  the  pipe  E  in  the  state  of  vapour,  the  sulphuric 
acid,  diluted  by  the  condensed  water,  arrives  at  the  bottom  of  the 
steam-column,  and  runs  through  the  pipe  G  into  the  tank  H.  The 
pipe  6  is  so  bent  as  to  remain  always  luted  by  the  acid. 

According  to  Bode,  such  a  column,  at  Freiberg,  sufficed  for  a 
system  producing  126  cwt.  of  sulphuric  acid  of  170°  Tw.  in  24 
hours. 

In  a  large  factory  near  Newcastle  there  existed,  till  1873,  steam- 
columns  consisting  of  a  cast-metal  pipe  3  feet  wide  and  9  feet  high, 
with  a  lining  of  lead  and  another  lining,  inside  the  first,  of  thin 
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bricks  (2  inchea),  and  a  packiug  of  flints.    Since  then  the;  have 
been  replaced  by  a  Glover  tower. 

There  are  also  steam-colnmnB  made  without  s  lead  jacket  ;  but 
they  cannot  in  this  case  be  built  up  of  bricks,  but  must  be  made 
in  one  or  two  pieces.    Bode  shows  such  a  column,  erected  by 

Fig.  284. 


Dr.  Gilbert  at  Hambui^  (iig.  284).  Its  inner  diameter  is  1  foot 
i^  inches,  its  height  13  feet  1  inch.  It  consists  of  two  gaa-retorts, 
a  a,  made  tight  at  the  joint,  after  heating  the  same,  by  asphalt. 
The  bottom,  b,  and  the  cover,  c,  are  formed  of  round  hreclay-slabs  : 
the  latter  contains  an  opening  for  the  stoneware  pipe  d  for  carrying 
off  the  nitre-gas  and  the  excess  of  steam  into  the  chamber.  The 
nitrous  vitriol  enters  at  e,  the  steam  at  /,  and  the  denitrated 
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sulphuric  acid  runs  off  4it  g.  The  retorts  are  surrounded  by  the 
cylinders  A  hy  of  ^-inch  cast  iron^  which  are  bolted  together  and 
to  the  cast-iron  top  and  bottom  plates.  A  space  of  1^  inch 
remains  between  the  cast  iron  and  fire-clay^  and  is  filled  with 
melted  asphalt  having  a  very  high  fusing-point.  The  column  is 
filled  with  bits  of  flint ;  the  mouth  of  the  steam-pipe  is  protected 
by  loose  bricks.  This  apparatus  in  Bode^s  time  had  been  in 
operation  for  five  years  without  giving  any  trouble^  and  supplied 
a  set  of  chambers  making  6  tons  of  acid  of  170°  Tw.  in  24  hours. 

In  other  works  the  steam-columns  are  made  much  smaller^  which 
is  evidently  quite  sufficient.  In  Wiirtz's  *  Dictionary  of  Chemistry/ 
iii.  p.  157,  Scheurer-Kestner  figures  a  column  made  of  a  piece  of 
Volvic  lava  6  feet  6  inches  high,  and  only  8  inches  wide  inside,  3  feet 
outside,  filled  with  broken  glass.  The  whole  is  surrounded  by  a 
lead  casing.  Such  a  column  suffices  for  a  chamber  of  4000  cubic 
metres,  turning  out  8  tons  O.V.  per  day.  These  Volvic  columns 
seem  to  stand  better  than  any  other  kind  of  steam-column,  but 
they  also  crack  sometimes. 

As  late  as  1890  I  found  in  Hamburg  a  steam-column  of  the 
following  construction.  It  consisted  of  a  cast-iron  cylinder,  lined 
with  bricks  inside ;  the  bottom  part,  about  8  inches,  was  made  of 
lead  and  dipped  into  a  very  thick  cast-lead  dish,  forming  a  hydrau- 
lic lute,  just  at  the  point  where  the  steam  entered.  The  outflowing 
acid  was  kept  at  112°  Tw. ;  it  tested  on  an  average  005  per  cent. 
NjOa  and  O'Ol  per  cent.  NO3H,  which  seems  very  good  work  for 
that  strength. 

Bode  asserts  that  the  simplest  and  cheapest  apparatus  of  this 
kind  consists  of  ordinary  stoneware  receivers,  as  shown  and 
described  pp.  567-569  of  our  second  edition.  This  kind  of 
denitrating-apparatus  does  not  appear  to  be  in  existence  anywhere 
now  ;  probably  it  would  stand  a  very  short  time.  We  also  refer 
to  the  same  place  for  Bode's  comparison  of  the  efficiency  of  steam- 
columns,  of  cai^ades  and  stoneware  receivers,  as  being  devoid  of 
actual  interest  at  the  present  time. 

In  1902,  steam-columns  were  still  used,  at  Freiburg,  for  deni- 
trating  nitrous  vitriol.  The  reason  for  retaining  these  apparatus 
was  that  the  gases  at  those  works  enter  the  chambers  at  the 
temperature  of  the  surrounding  air  (comp.  p.  394),  and  it  was 
assumed  that  this  is  too  low  for  working  a  Glover  tower ;  but  it 
is  doubtful  whether  this  assumption  is  correct  (see  later  on). 
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Glovei'  Towers. 


The  apparatus  which  is  now  used  for  denitration  in  all  but  excep- 
tional cases  is  the  Glover  tower y  which  is  properly  treated  in  this 
Chapter^  since  its  inventor  had  in  the  first  instance  constructed 
it  for  denitration^  although  it  might  just  as  well  be  described  as 
a  cooling  and   a  concentrating  apparatus.      The  Glover  tower 
was  invented  by  the  late  Mr.  John  Glover,  of  Wallsend,  near  New- 
castle-on-Tyne.    According  to  personal  information  received  from 
Mr.  Glover,  he  had  already  built  his  first  tower  in  1859,  at  the 
Washington  Chemical  Works,  near  Durham.     This  tower  was  made 
of  fire-bricks  and  packed  with  a  network  of  thin  fire-tiles.     It 
lasted  a  year  and  a  half,  and  proved  the  correctness  of  the  prin- 
ciple.    In  1861  Olover,  at  the  same  place,  built  a  lead  tower;  and 
when  erecting  another  works  at  Wallsend  in  the  same  year,  he,  of 
course,  built  a  similar  tower  there  as  well,  which  worked  until  1863 
or  1864.     From  the  experience  gained  in  this  way.  Glover  con- 
structed in  1864  a  third  tower,  which,  in  all  essential  respects,  was 
the  same  as  is  used  to  this  day.     tip  to  that  time  only  his  nearest 
neighbours  had  introduced  the  tower.     It  must  here  be  observed 
tbat  its  inventor  had  not  only  taken  out  no  patent  for  it,  but,  with 
great  liberality,  had  shown  it  to  every  one  interested  in  the  matter. 
In  spite  of  this,  some  of  the  manufacturers  on  the  Tyne,  intending 
to  ''  improve ''  the  tower,  committed  mistakes  in  its  construction ; 
and,  at  least  in  one  case,  this  led  to  its  being  given  up  again, 
although  it  has  since  been  reintroduced.     Between  1868  and  1870 
all  the  larger  and  better-managed  works  on  the  Tyne  introduced 
the  Glover  tower ;  it  was  adopted  in  Lancashire  about  1868,  in 
London  in  1870.     Until  1871  nothing  had  been  published  about 
the  Glover  tower  ;  and  it  was  entirely  unknown  outside  a  limited 
number  of  English  alkali-works  till  I  published  a  paper  on  it  in 
''.Dingler's  Journal/  vol.  cci.  p.  341,  which  made   it  generally 
known,  and  led  to  its  adoption,  first  in  Germany,  then  elsewhere. 
Soon  after  my  publication  objections  were  raised  against  the  tower 
as  a  denitration  apparatus. (nobody  has  ever  doubted  its  excellence 
as  a  concentrating  and  cooling  apparatus).     The  first  objections 
raised  by  Bode  (*  Dingler's  Journal,^  ccii.  p.  448)  were  immediately 
refuted   by  me   (ib.  p.  532),   and  have   since   been   withdrawn 
by  Bode  himself.      Bode  has  become  one  of  the  most  zealous 
constructors  and  advocates  of  the  Glover  tower.     Also  the  objec- 
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tions  raised  by  M'CulIoch  (Chem.  News,  xxvii.  p.  135)  have  been 
answered  by  Glover  (ib.  p,  152),  by  me(ib.  p.  162),  and  Bode 
(Prize  Essay^  p.  5).  M'CuUoch  himself  afterwards  changed  his 
opinion.  Much  more  serious  objections  have  been  made  by  Kuhl- 
mann  (Hofmann^s  Official  Report  on  the  London  Exhibition  of 
1862,  p.  174)  and  by  Vorster  (^Dingler's  Journal/  ccxiii.  p.  506); 
on  the  assumption  that  the  contact  of  hot  sulphur  dioxide  and 
nitrous  vitriol  in  the  tower  causes  a  considerable  loss  of  nitre 
compounds  in  the  shape  of  nitrous  oxide  or  of  free  nitrogen.  It  is 
certainly  a  fact  that^  under  certain  conditions^  hot  sulphur  dioxide 
reduces  the  nitrogen  oxides  down  to  nitrous  oxide  or  even  to 
nitrogen.  But  that  such  conditions  exist  in  the  Glover  tower 
Ruhlmann  could  not  prove,  because  he  had  none  at  his  disposal ; 
nor  did  Vorster  experiment  with  the  tower  itself  in  this  direction, 
although  he  made  other  interesting  observations  respecting  it ;  but, 
entirely  on  the  strength  of  laboratory  experiments,  he  asserted 
that  40  to  70  per  cent,  of  the  nitrous  compounds  were  lost  in  the 
Glover  tower.  His  experiments,  however,  were  made  under  totally 
different  conditions  from  those  existing  in  the  Glover  tower ;  and 
I  succeeded  in  refuting  Vorster's  inferences  on  the  loss  of  nitre 
from  his  own  figures  ('  Dingler's  Journal,^  ccxv.  p.  56,  ccxvi.  p.  79) . 
In  the  experiment  considered  by  Vorster  the  most  conclusive,  he 
passed  hot  sulphur  dioxide  mixed  with  air  for  27  minutes  through 
nitrous  vitriol  heated  to  180°  C;  and  it  is  inconceivable  how  he 
could  assert  that  this  condition  answers  to  that  in  the  Glover 
tower.  Into  this  the  nitrous  vitriol  enters  quite  cold,  mixed  with 
chamber-acid ;  and  only  on  leaving,  when  its  heat  is  greatest,  does 
it  attain  180^  C.  It  is  out  of  the  question  that  it  should  have  that 
temperature  in  any  considerable  part  of  the  tower,  much  less  180°, 
as  in  Vorster's  experiment.  On  the  contrary,  that  acid  which 
shows  a  rather  elevated  temperature  (but  never  anything  like  so 
high  as  in  Vorster's  experiments)  contains  next  to  no  nitrous  acid, 
but  is  only  further  concentrated  by  hot  kiln-gas  ;  and,  at  all  events, 
the  denitration  takes  place  to  the  greatest  extent  in  the  upper 
part  of  the  tower,  where  the  acid  is  still  pretty  cold.  This  follows 
with  certainty  from  the  well-known  fact  that  the  denitration  of 
dilute  acid  takes  place  readily,  that  of  concentrated  acid  with  great 
difficulty.  Apart  from  this,  the  acid  is  never  exposed  to  the 
current  of  hot  sulphur  dioxide  so  long  as  in  Vorster's  experiments. 
If  once  the  packing  has  been  quite  impregnated,  the  acid  gets  from 
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the  top  to  the  bottom  in  a  few  minutes ;  but  owing  to  its  fine 
division^  it  is  almost  entirely  denitrated  near  the  top.  In  short, 
Vorster^s  experiments  are  useless  for  deciding  the  matter  iu 
question,  even  if  they  were  not  refuted  by  the  plain  fact,  that  with 
the  Glover  tower  the  waste  of  nitre  is  at  least  no  greater  than 
with  any  other  process.     This  subject  is  noticed  more  fully  below. 

Subsequently  (Berichte  der  deutschen  chem.  Gesellsch.  x. 
p.  1432 — more  explicitly  in- '  Dingler^s  Journal/  1877,  ccxxv. 
p.  474)  I  criticised  in  detail  the  experiments  and  statements  of 
Kuhlmann  and  Vorster,  and  proved  their  irrelevancy.  I  further 
proved  by  experiments  that  if  the  sulphur  dioxide  is  mixed  with 
a  similar  excess  of  oxygen  as  in  the  kiln-gas,  this  mixture  decom- 
poses  nitrous  vitriol,  even  at  a  temperature  of  200^  (in  the  Glover 
tower  it  never  gets  beyond  130°),  in  such  a  way  that  the  whole  of 
th^  nitrogen  oxides  can  be  recovered  by  absorption  in  concentrated 
sulphuric  acid.  Pure  sulphur  dioxide,  free  from  oxygen,  does  not 
act  on  nitrous  vitriol  at  110°-130°,  but  only  at  200°  C,  in  such 
a  wav  as  to  cause  the  formation  of  some  nitrous  oxide.  This, 
however,  is  not  a  practical  case  at  all ;  and  it  is  certain  that  in 
the  Glover  tower  neither  nitrous  oxide  nor  nitrogen  is  formed  in 
appreciable  quantities.  My  experiments  and  calculations  were  at- 
tacked as  inacurate  by  Hurter  {'  Dingler's  Journal/  ccxxvii.  pp.  465 
&  563),  but  were  completely  vindicated  by  me  (ib.  ccxxviii.  pp. 
70  &  152) 

If  there  were  any  truth  wliatever  in  Kuhlmann's  and  Vorster's 
assertions,  it  would  certainly  be  a  cause  of  still  greater  loss  when 
the  fresh  supply  of  nitre-gas  is  carried  through  the  tower,  as  is  done 
in  the  great  majority  of  English,  or  when  even  the  liquid  nitric 
acid  is  run  through  it,  as  in  most  continental  works.  Then  not 
merely  70  per  cent,  of  the  nitrous  vitriol,  but  also  70  per  cent, 
of  the  fresh  supply  of  nitre,  or  nitric  acid,  would  bo  wasted  by 
the  tower.  This  certainly  would  be  felt  in  a  very  sensible  manner. 
But  already  in  1871,  of  the  ten  works  on  the  river  Tyne  which  pos- 
sessed Glover  towers,  only  three  worked  so  as  to  decompose  the 
nitre  by  the  gas  of  separate  pyrites- burners,  and  to  take  the  gaseous 
mixture  past  the  Glover  tower  direct  into  the  chambers.  The  other 
seven  works  sent  the  gas  of  all  burners,  along  with  all  the  fresh 
uitre-gas,  through  the  towers,  toithout  consuming  any  more  nitre 
than  the  three  former  ones.  Among  these  three  works  was  that 
managed  by  myself,  and  in  ray  first  publication  I  recommended 

VOL.  I.  2  T 


642  THE  RECOVERY  OF  THE  NITROGEN  COMPOUNDS. 

this  arrangement.  Later  on,  from  experience  gained  in  the  mean- 
time, the  plant  was  altered,  and  all  the  kiln-gas,  along  with  the 
nitre-gas,  was  taken  into  the  Glover  tower;  but  no  extra  con- 
sumption of  nitre  whatever  could  be  detected.  In  the  same  way 
Mr.  Schaffner,  of  Aussig,  found  no  extra  consumption  ensue  when 
he  began  introducing  all  the  liquid  nitric  acid  through  the  Glover 
tower.     Comp.  supra,  p.  522. 

It  is  absolutely  certain,  from  th6  practical  experience  of  many 
works,  that  with  the  Glover  tower  rather  less  nitre  (never  more)  is 
used  than  with  steam-columns  or  cascades.     This  is  corroborated, 
for  instance,  by  the  former  opponent  of  the  Glover  tower.  Bode, 
in  ^Dingler^s  Journal,'  ccxvii.  p.  305,  and   in  his  prize  essay, 
p.  87;  and,  altogether,  no  contrary  statements  of  those  who  have 
had  practical  experience  of  the  tower  have  been  made  known. 
On  the  contrary,  the  Glover  tower  has  not  only  been  generally 
accepted  in  England,  but  also  on  the  Continent.     Already  in  1875 
the  Berlin  Society  for  the  Promotion  of  Industry  offered  a  prize 
for  an  essay  on  this  subject,  in  which  the  utility  of  the  Glover 
tower  for  most  cases  is  expressly  presupposed,  and  only  its  applic- 
ability for  kiln-gas  of  inferior  heat  is  mentioned  as  doubtful  and 
requiring   examination.     The   result   of  this   was   Bode's  often- 
mentioned  essay  on  the  Glover  tower.     At  the  present  day  the 
Glover  tower   forms   an   essential   part   of  every   well-arranged 
sulphuric-acid   works,   and  ranks   with   the   Gay-Lussac  tower. 
Certainly  it  will  not  answer   to  expectations  when  constructed 
in  an  improper  way  or  with  unsuitable  material,  and  therefore,  at 
first,  its  use  was  here  and  there  discontinued ;  but  the  same  may  be 
said  of  every  apparatus  used  in  the  whole  range  of  industry  ;  and 
the  consensus  of  the  great  majority  of  manufacturers  has  entirely 
decided /or  the  Glover  tower.     Brauning  (Zsch.  J.  Bergwesen,  etc., 
1877,  p.  140)  also  quotes  the  experience  of  a  whole  series  of  works 
at  Oker  in  which  the  tower  is  employed,  and  where,  since  its 
introduction,  less  nitre  is  used  than  before,  in  consequence  of 
the  acid  being  completely  denitrated,  so  that  no  loss  can  be  in« 
curred  through  the  reduction  of  nitric  acid  to  nitrogen  or  nitrous 
oxide.     During  my  extensive  tours  through  a  number  of  the  best 
English,  German,  and   French   alkali-works,  I   have  everywhere 
received  the  same  information,  viz.  that  since  the  introduction  of 
the  Glover  tower  less  acid  is  consumed  than  formerly  (with  the 
diluting  process).     This  may  very  frequently  be  in  consequence 
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of  the  chamber-acid  being  also  denitrated  in  the  Glover  tower  ; 
but  in  some  works  the  acid  of  the  large  (or  first)  chamber  is  not 
kept  nitrous  at  all,  and  in  others,  from  various  causes,  only  a 
small  portion  of  the  chamber-acid  passes  through  the  Glover 
tower.  In  no  case  is  there  the  slightest  reason  for  asserting  that 
the  Glover  tower,  by  itself,  wastes  more  nitre  than  the  diluting 
process.  At  Maletra's  works  at  Rouen,  before  the  introduction 
of  the  Glover  tower,  2  parts,  since  then  only  1*3  part  of  nitre  has 
been  used  to  100  parts  of  pyrites. 

Hurter  himself,  in  1877,  when  he  still  imagined  that  a  consider- 
able portion  of  the  nitrous  gases  was  reduced  to  NjO  and  elementary 
N  in  the  Glover  tower,  admitted  that  "  with  careful  work"  there 
was  no  more  nitre  used  after  the  introduction  of  the  Glover  tower 
than  before,  as  quoted  by  Jurisch  ('  Schwefelsaurefabrikation,^ 
p.  153),  whose  continued  adhesion  to  the  long  exploded  belief  in 
such  a  destructive  action  of  the  Glover  tower  has  been  already 
mentioned  in  the  6th  Chapter,  p.  522,  and  which  is  probably  the 
last  survival  of  that  error.  It  should  be  noticed  that  Hurter, 
in  his  many  years'  position  as  chief  chemist  of  the  United  Alkali 
Company,  has  never  made  any  attempt  at  doing  away  with  the 
Glover  towers,  formerly  condemned  by  him  as  destroyers  of  nitre. 

Gay-Lussac  himself  had  at  first  denitrated  the  nitrous  vitriol 
by  burner-gas  and  steam  (p.  632) ;  much  later  again  CI.  Winkler, 
in  1867  ('  Untersuchungen,*  etc.,  p.  24),  proposed  very  clearly  the 
denitration  of  nitrous  vitriol  by  sulphur  dioxide,  without  being 
aware  of  the  fact  that  this  plan  had  been  carried  out  for  some 
years  in  practice  by  Glover  and  others.  But  these  attempts  were 
vitiated  by  the  proposal  to  add  steam  or  water,  and  they  did  not 
embrace  the  concentrating  action  of  the  apparatus  which  is  now 
called  the  Glover  tower. 

Functions  of  tlie  Glover  Tower. — Although  outwardly  resembling 
a  Gay-Lussac  tower,  the  function  of  the  Glover  tower  is  exactly 
the  opposite — viz.  to  deprive  the  nitrous  vitriol  running  off  at  the 
bottom  of  the  Gay-Lussac  tower  of  its  nitrous  compounds,  and 
to  restore  it  to  a  proper  state  of  concentration  for  applying  it 
again  at  ihe  top  of  that  tower.  This,  certainly,  is  only  one  of 
the  functions  of  the  Glover  tower,  but  the  most  important  and 
characteristic  of  all.  The  tower  fulfils  this  function  by  ex-^ 
posing  the  nitrous  vitriol,  usually  mixed  with  chamber-acid,  in  a 
finely  divided  form,  to  the  action  of  the  hot  burner-gas,  whose 
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heat  acts  coucentratingly  upon  the  sulphuric  acid^  and  ^vhose  sul- 
phur dioxide  acts  denitratingly  upon  the  nitroso-sulphuric  acid ; 
and  the  simultaneous  concentration  and  action  of  the  sulphur 
dioxide  seem  very  much  to  advance  the  denitration,  which  takes 
place  according  to  the  equation : 

2S02(OH)(ONO)+S02  +  2H20=3H2S04+2NO. 

Glover's  apparatus  cannot  be  put  in  the  same  line  with  the  appa- 
ratus described  above  (p.  632  et  seq,),  because  in  it  no  condensation 
of  dilute  sulphuric  acid  containing  nitric  acid  can  take  place  on  the 
lead  walls^  and  because  it  is  altogether  so  constructed  that  the  lead 
nowhere  comes  into  contact  with  the  hot  gas  and  the  nitrous  vitriol. 
Once  properly  built,  it  continues  working  for  many  years,  and 
causes  no  interruption  of  the  process.  Besides,  it  possesses  two 
very  great  advantages.  The  first  is,  that  it  is  both  the  roost  com- 
plete and  the  most  rational  of  all  cooling-contrivances  for  the 
burner-gas  : — the  most  complete,  because  the  gas  is  brought  into 
immediate  contact  with  the  cooling-liquid  in  the  shape  of  a  fine 
spray,  not  separated  from  it  by  a  metallic  wall  or  only  exposed  to 
the  cooling-action  at  the  circumference  of  the  current;  the  most 
rational^  because  no  expense  has  to  be  incurred  for  pumping  up 
cold  water  for  cooling,  but  the  generated  steam  is  at  once  use- 
fully employed  in  the  chamber.  The  second  and  still  greater 
advantage  of  the  Glover  tower  is  that  in  it  not  only  all  the 
acid  serving  for  absorption  in  the  Gay-Lussac  tower,  but  the 
whole  of  the  chamber-acid  is  brought  to  144°  or  even  up  to 
152°  Tw.  without  any  expense  except  that  of  pumping  the  acid  to 
the  top  of  the  tower — an  expense  which  is  very  small  indeed, 
especially  in  the  case  mentioned  on  pp.  531  &  606,  where  the 
exhaust-steam  of  the  air-pumping  engine  is  used  as  steam  for 
the  chambers. 

The  Glover  tower  is,  moreover,  now  mostly  used  for  introducing 
the  requisite  fresh  nitric  acid  into  the  chambers  without  any  special 
apparatus,  by  running  it  down  along  with  the  nitrous  vitriol. 
Before  it  arrives  at  the  bottom  it  is  fully  denitrated,  as  well  as  the 
nitrous  vitriol  itself  (comp.  Chapt.  V.  p.  522). 

Even  a  solution  of  nitrate  of  soda  has  been  employed  in  a 
similar  way,  but  this  has  been  given  up  as  impracticable  (p.  528). 

Comtruction  of  a  Glover  Tower, 
The  constructive  principle  of  the  Glover  tower  is  this  :  to  provide 
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an  apparatus,  perfectly  tight  against  liquids  and  gases^  and  at  the 
same  time  capable  of  resisting  both  heat  and  the  action  of  strong 
acids  in  the  liquid  and  gaseous  form.  A  gas-tight  apparatus  is 
preferably  made  of  some  metal^  and  this  principle  is  followed  in 
the  construction  of  vitriol-chambers.  But  lead,  the  only  metal  to 
be  thought  of,  does  not  resist  the  action  of  hot  acid  gases  at  tem- 
peratures not  very  far  removed  from  its  melting-point.  Acid- 
proof  material  of  any  other  kind  requires  making  joints  with  some 
mortar  or  cement,  none  of  which  again  is  suflSciently  resisting  in 
this  case.  The  solution  of  the  difficulty  is  attained  in  this  way  : — 
An  outer  shell  of  lead,  constructed  as  usual  in  the  case  of 
chambers,  towers,  and  the  like,  is  provided  with  an  acid-proof  stone 
or  brick  lining,  without  any  mortar.  The  latter,  which  would  be 
destroyed  directly,  is  not  necessary  for  the  stability  of  the  erection 
if  it  is  properly  designed,  nor  need  the  lining  be  gas-tight,  as  the 
small  amount  of  gas  which  finds  its  way  through  the  joints  is 
sufficiently  cooled  down  not  to  do  any  harm.  Nor  can  the  lining 
itself,  which  is  always  a  bad  conductor  of  heat,  transmit  enough 
heat  to  be  dangerous  to  the  lead. 

We  now  come  to  the  question  as  to  what  lining  should  be  em- 
ployed. Undoubtedly  the  best  material  for  this  purpose  is  Volvic 
lava  (see  p.  583),  which  resists  both  acids  and  heat  better  than  any 
other  material  so  far  known.  It  occurs  near  Clermont-Ferrand, 
in  the  centre  of  France,  and  can  be  had  in  large  blocks  which  are 
easily  shaped  to  design,  e.  g,  from  Brosson  Lafilichat  freres,  or 
from  A.Moity,  both  residing  at  Volvic  (Puy-de-D6me).  In  1880 
the  cubic  metre  cost  60  francs ;  the  lining  of  a  large  Glover  tower, 
as  will  subsequently  be  described,  cost  4500  francs  (say  £180). 

Next  to  this,  where  Volvic  lava  is  considered  too  dear  or  difficult 
to  procure,  comes  *^  chemical ''  brick  or  stoneware,  t.  e,  such  as 
resists  the  acids  and  also  the  heat  up  to  the  required  extent,  but 
it  need  not  be  "  fire-brick  "  proper.  None  of  these  bricks  last  for 
ever,  and  they  always  yield  some  alumina  to  the  acid,  but  they 
may  serve  for  several  years. 

In  Great  Britain  the  '^  blue  bricks  '^  of  Mold  in  Flintshire^are 
usually  employed  for  lining  Glover  towers.  The  following  is  the 
composition  of  the  best  class  called  '^  metalline,''  supplied  by  the 
Buckley  Brick  and  Tile  Company,  according  to  'Cliemical  Trade 
Journal,'  X.  p.  46  :— 6301  SiO,,  2595  AlA,  6-i9  Fe,0,>  0*75 
Mn,04, 0-83  CaO, 0'40 MgO,  trace  of  NagO,  257  KgO,  0-9 organic 
substance,  and  water. 
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In  Germany  the  bricks  made  at  Bad  Nauheim^  at  Bendorf  near 
Coburg,  and  at  Aussig  are  mostly  used. 

The  manufacture  of  acid-proof  bricks  for  Glover  towers,  accord- 
ing  to  '  Thonindustrie-Zeitung/  1890,  p.  642,  requires  clay  rich 
in  silica  more  than  in  alumina,  of  a  dense^  non-porous  character. 
Some  descriptions  of  clay  which  are  almost  free  from  iron  and 
can  be  burned  to  a  clinker  can  be  used  directly.  Where  no  such 
clay  is  available  an  artificial  porcelain-like  mixture  can  be  made 
with  from  25  to  30  parts  felspar,  25  to  30  best  China-clay  or  other 
good  fire-proof  clay,  and  40  to  50  parts  quartz.  It  should  be  burnt 
to  a  clinker,  and  should  not  shrink  too  much  in  the  process.  The 
bricks  are  best  covered  with  a  glaze  consisting  of  54  parts  quartz, 
84  felspar,  35  ground  chalk,  and  26  ground  China-clay. 

The  *'  packing ''  of  the  Glover  tower  is  made  of  similar  material 
to  the  lining,  but  this  will  be  treated  later  on  (p.  653). 

We  shall  now  explain  the  principles  of  constructing  the  various 
parts  of  a  Glover  tower. 

The  foundation  of  a  Glover  tower  used  to  be  made  of  strong 
brick  pillars,  with  a  roof  formed  by  a  strong  brick  arch  and 
braced  together  with  iron  stays  and  rods.  The  pillars  may 
also  be  joined  by  strong  railway  rails,  instead  of  an  arch,  and 
they  may  be  themselves  constructed  of  cast  iron,  which  makes 
the  foundation  much  lighter  and  more  accessible.  The  top  of  the 
foundation  is  covered  by  a  lead  apron  6  or  7  lbs.  to  the  square 
foot,  for  the  purpose  of  protecting  it  against  acid  drippings.  This 
apron  may  be  turned  up  so  as  to  form  a  saucer  with  an  overflow 
spout ;  and  if  this  be  kept  full  of  water  it  will  help  to  preserve 
the  inner  saucer,  by  keeping  this  at  a  moderate  temperature. 

Sometimes  the  platform  at  the  top  of  the  foundation  is  covered 
with  a  molten  mixture  of  pitch  and  brimstone,  and  the  leaden 
apron  is  put  upon  this  while  still  warm.  This  is  an  absolute  pro- 
tection against  any  corrosion  of  the  iron  pillars  and  girders  by 
any  acid  finding  its  way  down. 

The  frame  of  the  tower  must,  of  course,  be  different  according 
to  whether  the  tower  is  angular  or  circular  in  section.  The  former 
kind  will  be  made  clear  by  the  designs  shown  later  on  ;  the  latter 
is  distinctly  seen  in  the  section  of  a  French  Glover  tower,  lined 
with  Volvic  lava,  given  below. 

The  material  of  the  frame  is  mostly  wood,  preferably  pitch-pine, 
but  iron  frames  are  very  appropriate  in  this  case.     In  both  cases 
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Fig.  285. 
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the  frame  has  to  support  the  acid  tanks  required  for  feeding  the 
tower,  and  also  the  light  shed  covering  the  top. 

The  tower  itself  is  made  of  14-lb.  lead,  its  bottom  of  35-lb.  lead, 
the  straps  of  9-lb.  lead.  Its  sides  are  suspended  from  the  top  and 
side  joists,  just  like  those  of  a  chamber.  The  lead  stands  a  little 
oS  the  wood,  which  is  of  importance  for 
the  protection  of  both  the  wood  and  the 
lead.  In  order  to  avoid  seams  at  the 
comers,  where  they  would  be  weakest 
and  where  they  could  not  be  very  well 
repaired  on  account  of  the  frame,  two  of 
the  sides  are  made  of  two  sheets  of  lead 
(1,  2,  fig.  285)  each^  which  are  burnt  to- 
gether in  the  middle,  and  which  reach 
round  the  comers,  where  the  sheets  3  are 
burnt  to  them.     The  seams  are  best  burnt 

outside.  All  the  side  sheets  reach  down  from  the  top  to  the 
bottom  without  any  horizontal  seams,  and  hang  loosely  within  the 
saucer. 

Sometimes  even  square  or  oblong  towers  are  not  made  in  this 
way,  but  are  constructed  in  single  drums,  like  the  circular  towers 
(vide  infra)y  the  higher  one  always  resting  on  the  bevelled-out 
edge  of  the  lower.  This  is  especially  done  where  the  tower-lead 
is  not  fastened  to  the  ordinary  frame  by  straps,  but  is  held 
together  by  iron  rings  or  closely  touching  wooden  frames,  which 
offer  resistance  to  the  thrust  of  the  lining  and  packing.  Iron 
hoops,  however,  have  the  disadvantage  of  gradually  cutting  into  the 
lead,  and  closely-touching  wooden  frames  cause  the  lead  to  be 
wasted  much  more  quickly  (p.  438), 

Fifr,  286. 
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The  bottom  saucer  is  formed  of  two  sheets  of  lead  burnt  together 
in  the  middle  and  turned  up  all  round  to  a  height  of  12  inches. 
Since  sheets  of  35  lb.  to  the  square  foot  cannot  be  burnt  together 
in  the  usual  way,  they  are  joined  thus :  they  are  placed  close 
together,  after  having  the  edges  cut  off  slantingly  and  scraped  clean 
(fig.  286) ;  into  the  rebate,  a,  thus  formed,  lead  heated  a  good  deal 
beyond  its  melting-point  is  poured  :  the  latter,  before  solidifying 
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itself,  fuses  the  margins  of  a ;  and  this  is  further  assisted  by  a  red- 
hot  iron,  so  that  the  whole  unites  into  a  solid  mass. 

Another  method  of  joining  such  thick  sheets  of  lead  is  this  : 
cutting  the  lead  as  shown  in  fig.  286,  then  heating  the  borders  with 
a  hot  iron,  and  at  once  applying  the  blow- pipe  so  that  the  lead  at 
this  place  melts  for  a  certain  depth  and  runs  to  the  bottom  of  the 
triangular  channel  between  the  two  sheets  and  closes  this  up^ 
whereupon  the  whole  channel  is  filled  up  by  heating  with  the 
blow -pipe  both  the  borders  and  a  thick  strip  of  lead,  as  usual  when 
burning  horizontal  lead  seams  (p.  436). 

Sometimes,  as  we  have  seen  above,  the  bottom  of  the  tower 
stands  in  another  saucer,  filled  with  water,  which  is  allowed  to 
get  hot,  but  even  in  this  state  forms  a  protection  to  the  inner 
saucer  against  overheating.  In  other  cases  there  is  a  constant  flow 
of  cold  water  round  the  bottom  saucer,  so  that  the  acid  gets  cooled 
to  some  extent  before  running  away,  which  is  an  additional 
advantage.  Another  plan  for  cooling  the  bottom  is  that  which  is 
shown  in  the  designs  below,  viz.  arranging  a  network  of  air- 
channels  in  the  brickwork  underneath  the  lead  bottom. 

Inside  the  tower  bottom  is  protected  by  a  layer  of  3-inch  acid- 
proof  slabs ;  sometimes  first  a  piece  of  lead  is  laid  loose  on  the 
bottom  before  putting  the  slabs  on. 

Lastly,  we  must  notice  the  "  lip/'  where  the  lead  side  of  the 
saucer  is  turned  over  to  form  a  place  for  the  acid  to  run  off  con- 
tinually into  a  leaden  spout.  This  part,  over  which  hot  acid  is 
incessantly  running,  and  which  cannot  remain  covered  by  a  pro- 
tecting layer  of  lead  sulphate,  is  exposed  to  very  great  wear  and 
tear ;  and  as  it  cannot  well  be  repaired  while  the  tower  is  at  work, 
the  plumber  must  not  neglect  to  put  a  false  lip,  consisting  of  a 
piece  of  sheet-lead  beaten  down  close  upon  the  real  lip.  The  acid 
will  then  run  over  the  false  lip ;  and  the  latter,  when  worn  out, 
can  be  replaced  by  a  fresh  piece  in  a  few  minutes. 

Instead  of  a  ^'  lip,"  a  lead  tube  of  about  H  inch  bore  can  be 
burnt  in  the  side  of  the  saucer,  a  little  below  its  upper  edge;  but 
the  plumber  must  do  this  with  the  utmost  care,  and  make  the  joint 
extremely  strong,  in  order  to  save  repairs^  which  can  only  be  done 
by  stopping  the  work.  At  Stolberg,  where  the  Glover  tower  has 
no  saucer,  but  the  bottom  and  the  sides  are  in  one  piece,  two 
running.off  pipes  are  provided,  so  that  one  can  serve  when  the 
other  is  stopped  up.  &c , 
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The  lead  top  of  the  tower  is  suspended  from  wooden  or,  better, 
iron  rails,  to  which  it  is  fastened  by  straps,  and  which  are  supported 
bv  the  side  frame.  Towards  the  centre  it  is  dished  out  so  that 
any  acid  leaking  from  the  tanks  cannot  run  down  the  sides  of  the 
tower,  but  finds  its  way  into  the  tower  through  the  hydraulic  joints 
of  the  acid-distributor. 

The  inlet  and  outlet  of  the  gas  require  special  care.     About  the 
outlet  nothing  need  be  said,  except  that  on  its  bottom  a  small 
ledge  is  formed,   which  compels  the  acid  squirted  into  it  to  run 
back  into  the  tower ;  this  pipe  also  usually  rises  a  little  towards 
the  chamber.     On  the  other  hand,  the  fixing  of  the  entrance-pipe, 
which  ought  to  have  a  slight  fall  towards  the  tower,  is  not  quite 
such  a  simple  matter,  and  at  first  caused  much   difficulty.     It 
is  mostly  made  of  cast  iron,  and  has  in  the  great  majority  of 
acid-works,  except  in  the  above-mentioned  cases,  a  temperature 
of  at  least  300°  C.     The  lead  of  the  tower,  where  it  touches  the 
cast    iron,  will   therefore  be    quickly  wasted,  and   any  kind  of 
cement  put  between  the  two  will  not  do  much  good;  in  most 
works  a  little  gas  was  seen  escaping  at  this  joint,  and  it  gave 
occasion  for  many  repairs.     The  following  arrangement  obviates 
this  drawback : — ^The  pipe  is  not  at  all  in  contact  with  the  lead, 
but  with  a  metal  casting.     The  latter  is  in  the  shape  of  a  ring 
with  two  flanges  perpendicular  to  the  plane  of  the  ring;    the 
thickness  of  the  metal  is  1   inch,  the  clear  space  between  the 
flanges  4  inches,  the  total  height  8  inches,  the  inner  diameter  of 
the  ring  2  feet  9-^  inches.     Since  the  outside  diameter  of  the  inner 
pipe  is  2  feet  7^  inches,  there  is  a  caulking-joint  of  1  inch  left 
free  all  round,  which  can  be  filled  up  with  any  hard  cement — ^for 
instance,  the  ordinary  rust-cement  made  of  iron  filings,  sulphur, 
and  sal  ammoniac ;  this  cement  can  be  rammed  in  hard,  as  it  lies 
between  two  iron  surfaces.     In  the  side  of  the  tower,  in  the  place 
in  question,  there  is  a  circular  hole  to  the  circumference  of  which 
an  upstanding  flange  is  burnt,  fitting  the  outer  circumference  of  the 
east-iron  ring ;  between  the  lead  and  the  iron  a  little  ordinary  tar 
and  fire-clay  cement  is  put ;  and  a  wrought-iron  hoop  in  two  parts 
with  screw  joints  firmly  binds  together  lead,  cement,  and  cast 
iron.     Since  the  outer  part  of  the  ring  is  cooled  by  the  air  cir- 
culating in  the  hollow  space,  only  a  small  part  of  the  heat  can 
be  communicated  to  it,  which  the  inner  part  of  the  ring  receives 
(already  weakened  by  the  layer  of  cement)  from  the  inner  pipe  ; 
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and  therefore  ho  difiicultj  is  experienced  in  keeping  the  joint 
betveeu  lead  and  iron  tiglit. 

At  the  Aussig  works  the  dilfioulty  is  obviated  by  attaclnng  to 
the  cast-iron  gas-pipe  coming  from  the  burners  a  short  piece  of 
fire-clay  pipe  with  a  flange  joint;  the  latter  projects  into  the 
Glover  tower;  and  the  lead  side  of  this  is  simply  joined  to  the 
fire-clay  pipe  by  a  burnt-on  flange  surrounding  the  pipe,  with  tar 
cement  between^  and  with  an  iron  hoop  pressing  the  lead  flange 

Fig.  287. 


onto  the  pipe.  As  the  fire-clay  pipe  has  much  thicker  walls,  and 
is  a  mueh  worse  conductor  for  heat  than  a  cast-iron  one,  this 
joint  keeps  tight  even  without  the  aii--cooling  just  described. 

The  plan  followed  at  Griesheim  with  perfect  success  is  shown  in 
fig.  387.  The  burner-pipe  a  a  (which  at  h  shows  a  cleaning-hole 
at  the  bottom)  is  enlarged  at  its  end,  so  that  it  embraces  one  end 
of  the  dry- walled  annular-shaped  brick  flue  c  c,  whilst  the  other 
end  is  tightly  held  in  the  brick  lining  d  d  oi  the  tower.  The  lead 
side  of  the  latter  (e  e)  is  continued  into  a  lead  cylinder  (//)  aur- 
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rounding  the  free  portion  of  the  flue  c  c ;  ita  eod  is  bent  round  in 
the  shape  of  a  flange,  pressed  against  a  flange  of  a  a  by  means  of 
an  iron  hoop  and  screw-bolts  ;  aud  the  joint  is  made  tiglit  by 
asbestos  packing. 

At  some  works  the  burner-gas  is  carried  into  the  tower  by  means 
of  pipes,  made  of  Volvic  lava,  in  two  halves,  as  shown  in  fig.  288. 
In  this  case  no  special  contrivance  is  required  for  protecting  the 
lead  at  the  joint. 

Fig.  288. 


Dn^an  (E.  P.  5012,  1896)  employs  a  water-cooling  jacket  to 
the  inlet-pipe  for  the  Glover  tower. 

The  lining  of  the  tower  is  made  of  the  materials  described 
above,  p.  645,  and  is  so  constructed  as  to  serve  at  the  same 
time  as  a  support  for  the  packing.  This  is  facilitated  by  the  fact 
that  at  the  bottom,  where  the  hot  burner-gas  enters,  the  lining 
must  be  anyhow  much  thicker  than  higher  up,  say  2  feet  3  inches 
all  roand.  This  is  coutinued,  say,  4  feet  high,  where  the  thickness 
of  the  lining  diminishes  to  18  inches;  the  recess  thus  formed 
serves,  together  with  a  central  pillar,  for  supporting  stone  slabs 
which  form  a  grid  for  the  packing.  Or  else  arches  are  sprung 
from  side  to  side  for  the  purpose  of  forming  a  grid,  as  shown  in 
the  designs  below,  by  being  levelled  to  a  plane  surface  at  the 
top. 

Higher  up  the  thickness  of  the  lining  decreases  to  14  inches  and 
at  last  to  9  inches. 

The  whole  lining  of  the  tower  as  well  as  the  dome  (arch)  of  the 
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grid  must  be  availed  rfry,  without  mortar  of  any  kind  (p.  645). 
In  order  to  make  the  arch  sufficiently  stable  without  any  mortar, 
it  should  not  be  made  of  ordinary  fire-bricks  cut  or  moulded  to 
shape,  but  of  large  fire-clay  lumps  expressly  manufactured  for  the 
purpose,  whose  sides  join  smoothly  together.  In  some  works  all 
the  bricks  of  the  lining  are  ground  upon  one  another,  so  that  only 
extremely  small  joints  remain.  This  is  most  easily  done  where  the 
lining  consists  only  of  a  few  large  blocks  of  Volvic  lava  (see  p.  645, 
and  below). 

It  is  not  considered  bad  work  if  the  lining  of  a  Glover  tower 
stands  for  three  years  without  having  to  be  renewed ;  sometimes 
it  stands  much  longer. 

The  packing  of  Glover  towers  in  England  usually  consists  of 
flints,  picked  from  the  chalk  and  purified  by  washing  with  hydro- 
chloric acid.  This  material  is  absolutely  acid-resisting  and  does 
not  fly  by  the  heat ;  but  it  does  not  possess  any  great  surface, 
and  it  is  very  heavy.  For  the  latter  reason  in  many  places  the 
upper  third  of  the  tower  used  to  be  filled  with  the  very  hardest  of 
coke ;  but  this  led  to  several  accidents,  by  the  coke  taking  fire 
when  there  was  by  chance  no  feed  of  acid  on ;  there  is  also  always 
some  action  of  the  acid  on  the  coke,  as  shown  pp.  231  and  585. 
Most  factories  have  given  it  up  again,  but  it  may  be  still  in  use 
here  and  there. 

Silica  in  the  form  of  quartz  is  frequently  employed ;  but  some 
descriptions  of  it  are  very  liable  to  cracking  in  course  of  time, 
and  filling  up  the  gas-channels  to  such  an  extent  that  the  draught, 
and  with  it  the  yield,  is  enormously  impaired.  Herreshoff. 
(U.S.  P.  335,699 ;  E.  P.  1861,  of  1886)  employs  nothing  but 
pieces  of  quartz  within  the  Glover  tower.  As  these  cannot  be 
very  well  obtained  in  the  regular  shape  for  an  ordinary  lining, 
he  keeps  the  lining  a  foot  or  so  away  from  the  side  of  the  tower, 
and  fills  the  space  thus  formed  with  quartz-sand.  His  system 
has  met  with  great  success  in  America,  of  course  carefully 
selecting  a  suitable  quality.  Falding  recommends  quartz  of  a 
vitreous  appearance,  free  from  cleavage-lines  and  admixture  with 
schist  or  other  foreign  matter.  A  little  pyrites  or  oxidized  pyrites 
does  not  hurt,  but  it  must  not  be  present  in  such  quantity  as  to 
cause  a  flaw  or  to  cause  the  quartz  to  "  break  down.^' 

For  packing  the  towers  even  broken  glass  or  stoneware  seltzer- 
water  bottles  with  their  bottoms  knocked  out  have  been  found 
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usefal.  One«  of  the  best  materials  for  this  purpose  seems  to 
be  that  supplied  by  the  potteries  at  Bad  Nauheim  (Germany). 
It  consists  of  almost  pure  silica,  is  burnt  at  the  intensest  white 
heat^  cuts  glass,  and  resists  both  any  change  of  temperature  and 
the  prolonged  attack  of  hot  acids.  Lining-bricks  of  this  material 
cost  £1  lOs.  per  ton ;  for  packing  the  towers  short  open  cylinders 
are  made  about  5  or  6  inches  long  and  4  inches  wide  (at  £3  10^. 
per  ton).  Formerly  these  were  thrown  in  without  any  special  care, 
but  this  is  decidedly  wrong ;  the  cylinders  should  be  put  in  in  a 
regular  way  (see  below).  The  Buckley  Brick  &  Tile  Co.  also 
supply  such  "rings'*  for  packing  Glover  towers.  Mr.  G.  E. 
Davis  informs  me  that  this  packing  answers  better  than  the  coke- 
packing  (which  for  Glover  towers  is  most  objectionable  anyhow  !), 
but  the  damper  must  be  used  more  freely  and  the  distribution  of 
the  acid  must  be  more  perfect  than  with  coke. 

Sometimes  the  Glover  towers  are  simply  packed  with  bricks,  set 
ou  edge,  in  open  work,  as  in  a  Siemens's  recuperator.  These 
bricks  should  of  course  resist  the  action  of  the  acid.  Blue  Welsh 
bricks  (p.  646)  are  frequently  employed,  and  even  some  descriptions 
of  common  bricks  seem  to  stand  very  well  (J.  Soc.  Chem.  Ind. 
1885,  p.  33).  But  undoubtedly  they  are  always  acted  upon  more 
or  less,  and  yield  up  more  iron  and  alumina  to  the  Glover  acid 
than  towers  lined  and  packed  with  Volvic  lava  or  quartz  (see  eni  of 
this  Chapter). 

At  Stolberg  (1902)  it  has  been  found  that  acid-proof  bricks, 
made  from  ground  clay-slate  in  the  Ruhr  district,  stand  much 
better  in  the  Glover  tower  than  fire-clay  cylinders.  The  hydrogeu 
fluoride  evolved  in  roasting  blende  acts  most  injuriously. 

Brick-packing  and  also  the  ordinary  cylinders  have  the  draw. 
back  that  they  do  not  spread  the  acid  or  divide  the  gaseous  current 
as  well  as  denser  kinds  of  packing. 

Knab  (Germ.  pat.  67,085)  promotes  the  unimpeded  transit  of 
the  gases  and  prevents  obstructions  by  a  special  kind  of  packing. 
He  forms  in  the  centre  of  the  tower  a  column  consisting  of 
superposed  cylinders.  Each  cylinder  is  provided  with  six  slightly 
inclined  earthenware  tubes,  arranged  star-shape,  and  with  their 
outer  ends  reaching  into  the  brick  lining  of  the  tower.  These 
stars  are  alternately  arranged  so  that  the  pipes  form  a  kind  of 
steps,  and  four  superposed  stars  fill  up  the  whole  section,  the 
pipes  of  the  fifth  star  lying  exactly  over  those  of  the  first  star,  and 
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80  on.  The  acid  is  thus  compelled  to  run  all  round  the  pipes  and 
to  splash  on  to  the  pipes  lying  below.  The  pipes  have  different 
inclinations^  in  order  to  better  divide  the  acid.  [Such  pipes  will 
soon  cracky  and  the  whole  apparatus  then  collapses.] 

Saunders  (U.S.  P.  144,928,  of  1873)  employs  hollow  glass  balls 
with  one  or  more  openings. 

The  perforated  plates,  on  Lunge  and  Rohrmann's  system,  which 
have  been  described  on  pp.  478  &  586,  are  not  very  well  adapted 
for  packing  a  whole  Glover  tower ;  in  the  lower  part  the  holes 
would  be  too  quickly  stopped  up  by  flue-dust,  and  they  would  be 
liable  to  crack  there  as  well.  But  they  can  be  employed  very 
well  in  the  upper  half  of  the  tower,  the  lower  half  being  packed 
with  bricks  set  edgeways  &c.  This  plan  obviates  an  objection 
made  to  the  Nauheim  cylinders,  viz.  that  in  consequence  of  their 
comparatively  large  size  the  acid  and  the  gases  are  not  sufficiently 
brought  into  contact  and  the  denitration  is  not  very  perfect. 

An  excellent  application  of  these  plates  has  been  made  in  a  case 
where  it  was  necessary  to  bring  about  the  denitration  at  the 
lowest  possible  temperature, in  order  to  avoid  losses  by  the  ammonia 
present  in  the  gas-sulphur  (spent  oxide)  employed.  A  small  tower 
of  only  13  layers  of  plates  is  put  on  the  top  of  the  ordinary 
Glover  tower  ;  the  gases  leave  the  latter  at  90°  C,  and  the 
plate-tower  at  60°  C.  In  spite  of  this  slight  difference  of 
temperature  and  of  the  small  height  of  the  plate- tower,  it  was 
found  to  perform  80  per  cent,  of  the  denitrating  work.  Hence 
the  plate-towera  must  be  considered  excellently  adapted  for  this 
class  of  work,  if  they  can  be  kept  clear  of  flue-dust  (which  in  the 
above  case  was  retained  by  the  old  Glover  tower).  They  must^ 
however,  not  be  flushed  out  while  hot  with  cold  water,  which 
causes  the  plates  to  crack  (comp.  also  p.  655). 

Even  when  employing  some  other  kind  of  packing  than  bricks 
(such  as  flints,  cylinders,  and  the  like)  it  is  advisable  to  place  just 
over  the  dome  two  courses  of  the  same  kind  of  bricks  as  serve 
for  the  lining,  pigeonhole-wise,  in  order  to  divide  the  current  of 
gas  in  a  regular  way.  The  packing,  of  course,  must  be  done  as 
systematically  and  carefully  as  that  of  the  Gay-Lussac  tower. 

Liity  (Zsch.  angew.  Ch.  1896,  p.  645)  states  that  the  quartz 
(or  flint)  packing  formerly  used  in  Glover  towers  has  been 
entirely  replaced  in  Germany,  first  by  acid-proof  bricks  or  slabs, 
since  about  1880  by  cylinders,  about  5  in.  wide,  6  in.  high,  and 
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I  thick.  With  quartz  packing  only  12  or  15  per  cent,  (after  some 
mud  has  formed^  only  10  per  cent.)  of  the  tower  is  empty  and 
free  for  the  reactions,  with  bricks  about  85  per  cent.,  with 
cylinders  up  to  58  per  cent.  Horizontal  surfaces  are  much 
l^s  active  than  perpendicular  ones,  which  are  in  contact  with  con- 
stantly renewed  acid.  For  this  reason  the  success  of  the  bricks 
and  slabs  is  not  so  great  as  was  expected,  no  more  than  that  of 
the  Bettenhausen  'Mividing-cones  ^'  ("  VertheilungskegeP^),  as 
shown  in  figs.  289  &  290.  But  the  packing  with  ordinary 
cylinders  has  also  led  to  many  disappointments.  This  is  easy  to 
understand  if  the  cylinders  are  glazed,  or  if  they  are  placed  in 
such  a  position  that  a  system  of  continuous  pipes  is  formed. 


Fig.  289. 


Fig.  291. 
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Fig.  290. 


Fig.  292. 


Llity  recommended  cylinders  160  mm.  high,  120  mm.  wide,  with 
^alls  20  mm.  thick,  and  a  rough  surface,  placed  in  such  manner 
that  the  joints  are  broken  (figs.  291  &  292)  *.  They  ought  to 
be  made  of  really  acid-proof  stoneware,  not  merely  protected  by 
a  glaze  which  does  not  last  very  long.  Even  the  best  material,, 
however,  will  be  destroyed  if  improperly  treated,  especially  by 
washing  the  tower  with  cold  water,  when  its  temperature  is  about 
200°  C.  Instead  of  this,  the  tower  should  be  allowed  to  cool  down^ 
or  else  hot  acid  or  hot  water  should  be  employed  for  washing. 
When  a  tower  has  to  be  stopped  for  repairs  to  the  chambers,  the 

•  Niedenfuhr  greatly  prefers  to  this  arrangement  that  which  is  shown  in 
fig.  260,  where  each  cylinder  is  placed  at  the  intersection  lines  of  four  other 
crlinders. 
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air  should  be  prevented  from  entering^  because  the  moisture  con- 
tained in  it^  by  diluting  the  acid  soaked  up  by  the  cylinders^  will 
in  consequence  of  increasing  the  volume  mechanically  disintegrate 
these^  even  when  no  chemical  attack  of  the  earthenware  takes  place. 
The  tower  should  not  be  washed  with  water  at  the  beginning  of  the 
stoppage. 

At  one  time  cylinders  (rings)  met  with  very  much  favour  in 
German  works  and  were  regularly  employed  both  for  6ay-Lussac 
and  Glover  towers  ;  but  they  have  been  in  many  places  discarded 
again^  because  they  do  not  divide  the  liquid  on  sufficiently  extended 
surfaces,  so  that  the  contact  between  gas  and  liquid  is  imperfect 
and  the  towers  have  to  be  made  very  wide  and  high  to  fulfill  their 
object.  This  is  to  a  great  extent  remedied  by  a  special  kind  of 
packing,  designed  by  Niedeufiihr  on  the  plan  of  the  Lunge- 
Rohrmann  plates,  and  shown  in  figs.  293  to  296.     Here  the  acid 
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is  retained  on  the  surface  in  a  shallow  layer,  and  on  dropping  down 
is  always  spread  over  fresh  surfaces,  without  the  danger  of  the 
cracking  of  plates  and  the  stopping  up  of  holes  inherent  to  the 
ordinary  Lunge  plates  (p.  654). 
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■ 

Official  information  received  from  the  Oker  works  in  1902 
confirms  that  since  1900  the  quartz-packing  of  the  Glover  towers 
has  been  replaced  by  "  Lnnge-Rohrmann ''  packing  of  the  kind 
just  described  and  by  dishes^  with  entire  success  as  to  the  con- 
centration and  denitration  of  the  acid.  The  acid  issues  at  a 
temperature  of  150°  to  160°,  the  gases  at  75°  to  80°  C.  The 
towers  receive  per  anhum  21,590  tons  nitrous  vitriol  of  60°  B.  and 
11,395  tons  chamber-acid  of  50°  B.  Some  of  the  sets  have  two 
or  three  parallel-acting  towers,  17  to  21  feet  high  and  6  to  7^  ft. 
square ;  set  No.  V.  has  a  tower  10  x  10  ft.  square  and  33  ft. 
high. 

In  some  cases  it  is  preferred  not  to  fill  the  tower  to  its  very 
top,  viz.  if  the  gas  is  thus  cooled  too  much ;  for  then  part  of  the 
first-formed  aqueous  vapour  might  be  condensed  again  to  the  liquid 
state,  dilution  thus  counteracting  the  concentration.  The  tempe- 
rature of  the  outgoing  gas  is  generally  about  60°  C;  some 
manufacturers  prefer  from  60°  to  75°  C.  But  if  too  much  cooling 
must  be  avoided  by  leaving  the  upper  part  of  the  tower  empty, 
that  portion  might  be  left  out  altogether  and  the  tower  be  made 
so  much  lower.  In  fact,  towers  from  18  to  20  feet  high  have 
recently  been  preferred  to  higher  ones  The  height  will,  of  course, 
depend  upon  the  heat  which  the  gas  possesses  when  entering  the 
tower,  therefore  upon  the  kind  of  ore  burnt,  upon  the  presence  of 
dnst*chambers,  upon  the  length  of  way  from  the  pyrites-burners 
to  the  tower,  and  so  forth.  According  to  numerous  notes  taken 
by  me  on  this  subject,  the  proper  height  for  a  Glover  tower, 
under  ordinary  circumstances,  seems  to  be  from  20  to  25  feet.  At 
one  works,  where  two  towers  were  erected,  one  24  feet,  the  other 
36  feet  high,  it  was  found  that  the  higher  tower  did  no  more 
work  than  the  lower,  so  that  the  expense  caused  by  the  addi- 
tional height,  both  in  erecting  and  packing,  seems  to  have  been 
useless. 

The  distribution  of  the  acid  for  feeding  the  Glover  tower  is 
effected  precisely  as  in  the  case  of  the  Gay-Lussac  tower,  either  by 
reaction- wheels  {supra,  p.  593)  or  by  stationary  overflows  (p.  595). 
Acid-wheels  of  different  descriptions  are  shown  in  our  first  edition, 
pp.  438  to  440,  and  in  the  second  edition,  pp.  587  &  588. 

For  very  large  Glover  towers  it  is  preferable  to  employ  several 
spouts,  running  right  across  the  top  of  the  tower,  with  a  number 
of  lips  on  either  side,  each  connected   with  a  pipe  leading  to  a 
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hydraulic  lute  on  the  top  of  the  tower.  The  priaciple  of  this 
apparatus,  which  will  be  noticed  in  the  Niedenfiihr  tower,  fig.  298, 
is  the  same  as  in  the  circular  apparatus,  figs.  257  to  259,  which  is 
adapted  to  towers  of  smaller  sections. 

The  regulation  of  the  flow  for  the  Glover  tower  is  nearly  always 
efiected  by  hand,  or  else  by  the  apparatus  shown  on  p.  601.  Any 
apparatus  tor  an  absolutely  constant  supply  of  liquid  would  be  out 
of  place  here,  as  the  relative  quantities  of  nitrous  vitriol  and 
chamber-acid  vary,  and  must  be  regulated  according  to  the  state 
of  concentration  and  denitration  of  the  outflowing  acid. 

The  cubic  contents  of  the  Glover  tower  worked  by  myself,  and 
shown  in  our  first  and  second  editions^  measured  inside  the  lead  with- 
out taking  any  account  of  the  lining,  the  space  underneath  the 
dome,  &c.,  for  a  daily  consumption  of  9  tons  pyrites  with  48  per 
cent,  sulphur,  amounted  to  9  x  9  X  30  feet — that  is,  to  2430  cubic 
feet.  This  for  every  ton  of  sulphur  burnt  daily  amounts  to 
about  550  cubic  feet;  and  this  number  may  be  considered  the 
proper  one  for  the  proportions  of  a  Glover  tower;  at  some  of  the 
largest  works  it  is  closely  approached.  At  the  Saint-Gobain 
Company^s  works  the  real  working-space  (i.  e.  that  occupied  by  the 
packing  moistened  with  acid)  is  from  70  to  160  cubic  feet  per  ton 
of  pyrites,  or,  say,  twice  as  much  per  ton  of  sulphur;  and  as  tlie 
proportion  of  the  working-space  to  the  total  space  is  not  much 
more-  than  1  :  2,  it  may  be  said  that  the  higher  of  the  Saint- 
Gobain  figures  comes  roundly  to  that  which  we  have  just  stated  as 
the  normal  one. 

Description  of  complete  Glover  Toivers. 

In  the  first  and  second  editions  of  this  book  (2nd  ed.  p.  576 
et  seq.)  I  gave  the  working-drawings  and  detailed  description  of 
Glover  towers  such  as  were  built  from  1870  onwards,  and  as 
I  had  worked  myself  for  a  number  of  years.  Many  towers  have 
been  erected  from  those  drawings,  but  I  shall  not  repeat  that  de- 
scription here,  as  it  must  be  considered  obsolete  now,  and  I  shall 
in  place  of  this  reproduce  the  designs  of  a  modern  Glover  tower, 
as  kindly  supplied  to  me  by  Mr.  Niedenfiihr,  carried  out  in 
practice  with  fullest  success  at  a  considerable  number  of  works. 

First  I  shall  notice  some  recent  descriptions  of  Glover  tower:i 
found  in  literature. 

Instead  of  the  square  section  at  first  universally  employed  for 


CIRCULAR  OLOVXK 

G!arer  tosrers,  latterly  circular  towers  have  come  into  use  at  many 
»orks.  If  lineii  with  bricks,  tbese  are  placed  polygonally,  un- 
less suitable  bricks,  shaped  to  the  proper  bend,  can  be  procured, 
la  France  the  towers  are  usually  lined  with  large  blocks  of 
Vol?ic  lava,  circular  in  section,  and  forming  by  themselves  a  sub- 
stautiai  tower,  although,  of  course,  without  any  mortar,  so  that 
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the  lead  shell  is  quite  independent  of  them.  Fig.  297"  {from 
Fr^ray's  '  Encyclopt^die  chimique,'  t.  v.  section  i.  p.  188)  gives  a 
liorizontal  section  of  one  of  these  circular  towers  which  serves  for 
a  set  of  chambers  of  160,000  feet  capacity,  and  is  constructed  as 
follows  :~It  has  a  width  of  6  ft.  9  iu.  and  23  feet  height,  and 
rests  on  a  block  of  masonry,  set  in  cement  and  protected  on  the 
top  by  au  apron  of  7  lb.  lead.  On  this  are  erected  eight  uprights, 
K  a,  mortised  into  octagonal  horizontal  frames  at  top  and  bottom. 
The  uprights  are  10  or  12  inches  square,  and  are  connected  by 
two  rows  of  cross-pieces,  b  b,  provided  with  iron  binding-bolts. 
The  holding-straps  for  the  lead  are  attached  to  the  uprights.  The 
leaden  shell  consists  of  four  drums  which  arc  burnt  together  in 
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their  places.  The  first  two  are  11  millimetres  thick  (=25  lb. 
lead),  the  third  8  mill.  (  =  18  lb.),  the  fourth  6  mill.  (=14  lb.). 
This  last  dram  is  dressed  inwards  at  the  top  edge,  to  be  joined  to 
the  cover,  which  is  suspended  by  means  of  straps  from  five  railway- 
bars  resting  on  the  top  frame.  Until  the  lead  drums  are  in  their 
place,  only  five  of  the  eight  upright  posts  are  put  in,  so  as  to  leave 
a  passage.  Each  drum  is  bevelled  a  little  outward  on  the  top 
edge,  so  as  to  form  a  seat  for  the  next  higher  one  ;  the  joint  is 
then  filled  with  molten  lead.  The  drums,  before  fixing,  are  left 
on  the  wooden  cylinder  on  which  they  have  been  made,  and  are 
hoisted  and  lowered  down  into  their  place  with  the  cylinder  still  in. 
The  lava  lining  is  provided  for  the  first  three  drums  only ;  the 
fourth  is  left  naked,  as  the  gases  are  here  sufficiently  cool  not  to 
injure  the  lead.  There  are  18  pieces  of  lava,  c  c,  six  for  each 
drum,  in  three  courses  with  alternating  joints,  10  or  12  inches 
thick;  at  Salindres  they  are  18  inches  at  the  bottom,  12  inches 
in  the  middle,  8  inches  at  the  top.  The  joints  are  made  as  thin 
as  possible.  The  grate  is  formed  by  four  or  five  sleepers  made  of 
lava,  d  d,  as  shown  in  the  drawing ;  they  are  sometimes  sup- 
ported in  the  centre  by  a  thin  wall,  e. 

The  advantage  claimed  for  circular  Glover  towers  is  that  they 
require  less  lead  for  a  given  cubic  space  and  that  the  lead  sufi^ers 
less  than  when  it  is  bent  in  sharp  corners.  But  while  for  Gay- 
Lussac  towers  these  reasons  may  be  accepted,  it  is,  in  the  case  of 
Glover  towers,  doubtful  whether  they  are  not  counterbalanced  by 
the  much  greater  trouble  and  expense  of  constructing  the  circular 
lining. 

Benker  (1902)  has  built  circular  Glover  towers  of  Vol  vie  lava 
with  a  leaden  shell  which  have  stood  for  twenty  years  and  are  likely 
to  stand  as  many  more ;  also  towers  without  a  leaden  shell,  which 
are  cheaper  and  simpler  to  make,  but  about  the  durability  of  which 
nothing  can  be  said  up  to  now.  The  towers  are  placed  on  such 
high  foundations  that  the  pipe  from  the  dust-chamber  has  a  rise 
towards  the  tower,  and  can  be  easily  cleaned  out  every  month. 
The  grate  is  also  made  of  Volvic  stone,  frequently  also  the  packing, 
which  is  employed  in  pieces  up  to  the  size  of  a  child's  head.  These 
towers  are  never  stopped  up  with  mud. 

'  Liity  gives  a  design  of  cylindrical  Glover  towei*s  (Zsch.  angew. 
Ch.  1896,  p.  640)  10  feet  wide.  The  bottom  is  protected  by  a 
double  layer  of  acid-proof  tiles,  8x8x3  inches.     The  sides  are 


The  tower  is  8  ft.  2  in.  wide  and  23  ft.  high  within 

•  A  paper  by  Liity  &  Niedenfiihr  (Zscli.  angew.  Ch.  1902,  p.  244  et  acq,)  g 
&  Teduced  copy  of  these  drawings. 
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lead  (this  suffices  for  a  daily  make  of  from  10  to  15  tons  HSSO4). 
The  lining  commences  with  15  inches  brickwork  From  this 
springs  a  slotted  arch^  levelled  at  the  top^  where  it  has  a  thickness 
of  6  inches.  This  serves  as  support  for  six  courses  of  very  open 
brickwork^  m,  running  in  alternate  directions  (as  shown  in  the 
drawings)  and  sufficing  for  the  deposition  of  most  of  the  flue-dust. 
The  wide  spaces  between  the  bricks  are  not  easily  choked  up,  and, 
moreover,  this  part  of  the  tower  is  accessible  for  cleaning,  as  it  is 
covered  by  a  second  arch,  n,  running  in  the  opposite  direction  to 
the  lower  arch.  Thus  the  tower  can  from  time  to  time  be  cleared 
out,  by  means  of  a  short  stoppage,  without  having  to  remove  the 
whole  of  the  packing,  as  is  usually  the  case.  On  the  second  arch 
begins  the  proper  packing,  O,  of  Lunge-Niedenfiihr  bricks,  as  shown 
in  figs.  298  to  296  (p.  656),  and  here  the  lining  soon  diminishes  to 
10  inches.  This  packing  occupies  a  vertical  space  of  8  feet,  and 
is  followed  by  a  lining  of  5  inches  thickness,  and  2  ft.  6  inches  of 
packing, /?,  consisting  of  specially  shaped  dishes.  The  sectional 
plan  at  this  level,  fig.  299,  shows  the  way  these  dishes  or  cylinders 
are  superposed  (similar  to  the  Gay-Lussac,  p.  589,  fig.  252).  The 
plan  and  sections  of  the  top  of  the  tower  show  the  way  in  which 
the  distribution  of  the  acid  is  effected  by  means  of  the  circular 
overflows  r,  lipped  spouts  *,  and  hydraulic  lutes  t. 

As  will  be  noticed,  the  dimensions  and  especially  the  working 
height  of  this  Glover  are  much  less  than  was  formerly  assumed  to 
be  necessary^  and  this  means  less  cost.  This  has  become  possible 
through  replacing  the  old,  fortuitously  acting  packings  of  flints 
or  quartz,  and  the  much  too  open  packing  of  cylinders,  &c.,  by  a 
rationally  graduated  and  systematically  acting  kind  of  packing, 
modelled  on  the  original  principle  of  the  Lunge- Rohrmaun  plates, 
but  avoiding  the  conditions  which  make  these  plates  unsuitable 
for  Glover  towers  (p.  654),  at  least  for  the  principal  part  thereof. 
The  splendid  results  obtained  with  this  packing  at  the  six  systems 
working  at  Oker  (p.  657)  are  convincing  proof  of  its  efficiency. 

At  most  works,  quite  properly,  the  Gay-Lussac  and  Glover 
towers  are  erected  side  by  side,  so  that  their  tops  are  accessible  by 
a  common  staircase,  and  even  on  the  same  level  (in  which  case  the 
Glover  towers,  being  much  lower,  must  stand  on  a  higher  foun- 
dation than  the  Gay-Lnssac  towers).  It  is  unnecessary  to  point 
out  how  much  the  supervision  of  the  work,  the  feeding  of  the 
towers,  &c.  is  simplified  by  this  plan.     The  position  of  the  Glover 
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towers  being  given  between  the  burners  and  the  first  chamber^  it 
follows  that  the  Gay-Lussac  is  at  the  greatest  possible  distance 
from  the  last  chamber  with  which  it  is  connected  ;  but  this  is  all 
the  better^  as  the  gases  have  more  time  to  cool  and  get  dried  in 
the  long  connecting-pipe.  It  is  also  an  advantage  that  the  nitrous 
vitriol  has  not  to  run  very  far,  as  it  sometimes  contains  gas  (NO) 
which  impedes  its  free  running.  As  a  long  pipe  increases  the 
friction  of  the  gaseous  current,  it  mostly  involves  providing 
chimney-draught  or  else  a  fan-blast  for  the  chambers,  which  is 
certainly  the  best  plan  for  all  reasons  (p.  559). 

Working  of  the  Glover  Tower* — ^The  Glover  tower  may  operate 
with  only  the  nitrous  vitriol  itself  running  down  in  it,  without 
any  chamber-acid ;  but  in  that  case  it  does  not  deprive  the  acid  of 
all  the  nitrous  compounds,  but  of  the  principal  part  only  (down  to 
about  0*2  per  cent,  of  N2O3),  and  at  the  same  time  concentrates 
it  to  152^  Tw.  This  acid  may  now  be  used  again  in  the  Gay- 
Lussac  tower  for  absorption ;  and  thus  a  circulation  of  acid  may 
take  place  between  the  two  towers.  There  is  in  this  process  always 
a  certain  addition  to  the  acid,  as  within  the  Glover  tower  itself,  by 
the  action  of  the  sulphuric  dioxide  on  the  nitrosulphonic  acid,  free 
sulphuric  acid  is  formed,  as  described  on  pp.  668  et  seq. 

However,  the  Glover  tower  is  not  usually  fed  (in  the  way  just 
mentioned)  with  nitrous  vitriol  alone,  except  in  the  case  of 
temporary  disturbances.  The  apparatus  is  mostly  so  arranged 
as  to  be  ieA  with  nitrous  vitriol  (or  with  fresh  nitric  acid)  and 
chamber-acid  together,  in  which  case  not  only  is  the  denitration 
completed,  owing  to  the  initial  dilution,  but  a  very  acceptable  secon- 
dary effect  is  obtained,  viz.  concentrating  the  chamber-acid  up  to 
152^  Tw.,  and  depriving  it  also  of  the  minute  proportion  of  nitre 
which  it  generally  contains.  If  the  acid  is  not,  as  is  usual  in 
England,  brought  in  the  chambers  themselves  to  116^-124^,  but 
only  to  106°  Tw.,  it  can  still  be  concentrated  to  144°  without  any 
difficulty  in  the  Glover  tower,  even  when  the  gas  comes  from  a 
shelf-burner  for  pyrites-smalls  and  has  therefore  to  be  somewhat 
cooled  in  dust-chambers,  on  the  supposition  that  the  tower  is 
placed  close  to  the  burners.  That  the  denitration  by  sulphur 
dioxide  becomes  more  perfect  by  dilution  is  a  matter  of  course, 
according  to  the  above-quoted  researches  of  R.  Weber,  CI.  Winkler, 
and  my  own. 

Where  the  leading-chamber  is  worked  very  strong,  the  Glover 
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tower  produces  too  strong  an  acid^  which  is  incompletely  denitrated 
and  would  injure  the  stability  of  the  tower  unless  a  little  water 
is  run  down  at  the  same  time. 

The  stream  of  nitrous  vitriol  and  that  of  chamber-acid  are  regu- 
lated entirely  according  to  the  degree  of  denitration  and  of  concen- 
tration shown  by  the  acid  running  off  at  the  bottom  of  the  Glover 
tower.  The  more  chamber-acid  is  run  through  (that  is  to  say^  the 
greater  the  dilution)^  the  easier  will  be  a  full  denitration ;  the  less 
chamber-acid  is  used,  the  more  concentrated  will  the  acid  arrive 
below.  There  is,  however^  no  difficulty  in  attaining  both  objects, 
viz.  to  get  an  acid  at  the  same  time  completely  denitrated  and 
testing  152^  Tw.,  if  good  pyrites  be  burnt,  and  if  the  burner- 
gas  be  employed  as  hot  as  possible,  say  300^  C.  and  upwards,  by 
placing  the  tower  close  to  the  burners.  In  the  case  of  poor  ores 
or  of  smalls-burners  with  large  dust-chambers,  the  denitrating 
action  will  also  be  complete ;  but  the  concentration  cannot  then 
be  carried  so  far. 

If  it  be  assumed  that  the  Gay-Lussac  tower  receives  a  quantity 
of  acid  equal  to  the  total  daily  production,  there  will,  of  course, 
be  just  the  same  quantity  of  SO^Hs  running  down  the  Glover 
tower  in  the  shape  of  chamber-acid,  along  with  the  nitrous  vitriol, 
and  therefore,  according  to  bulk  and  weight,  a  little  more  of  the 
chamber-acid,  as  this  is  more  diluted.  If  the  chamber-acid  is  on 
an  average  =123°  Tw.,  equal  to  70  per  cent.  SOiHa,  117  parts 
by  weight  of  the  same  correspond  to  100  parts  by  weight  of  an 
acid  of  152°  Tw.,  =81-7  per  cent.  SO4H2;  or  100  vols,  of  the 
latter  are  equal  to  128  vols,  of  the  123°  acid^  and  the  latter  would 
be  the  proportion  in  which  the  two  acids  are  mixed.  The  result 
would  be  a  mixture  of  acids  of  136°  Tw.  entering  the  Glover 
tower  at  the  top,  which  can  be  fully  denitrated  by  sulphur  dioxide, 
especially  when  hot.  If  less  Gay-Lussac  acid  has  been  used  than 
the  above,  the  mixture  of  acids  entering  the  Glover  tower  will 
show  a  lower  specific  gravity  than  136°  Tw.,  and  will  be  all  the 
more  easily  denitrated. 

During  the  first  years  of  the  working  of  the  Glover  tower  it 
was  generally  assumed  that  the  acids  must  only  be  mixed  inside 
the  tower,  because  during  their  mixture  nitric  oxide  would  be 
given  off.  On  this  principle  was  founded  the  mixing-apparatus 
described  by  me  in  my  first  publication  on  the  Glover  tower  (in 
Dingler's  Journal,  cci.  p.  348),  and  the  distributing-wheels  with 
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double  outlet  and  separate  distributing-chambers  and  pipes.  But  it 
follows  from  the  calculation  just  made  that  a  mixture  of  equal  parts 
of  acids^  when  chamber-acid  of  123°  Tw.  is  used  and  the  daily  make 
of  acid  is  passed  through  the  Gay-Lussac  tower  once  a  day,  would 
be  equal  to  136^  Tw.  In  an  acid  of  this  strength  nitrososulphuric 
acid  is  sufficiently  stable,  at  least  at  the  ordinary  temperature  ;  and 
it  is  possible,  and  has  been  done  in  many  places  for  years  past,  to 
mix  the  two  acids  before  they  enter  the  Glover  tower,  which  greatly 
simplifies  the  distributing-apparatus.  Even  when  only  one  half  of 
the  total  daily  make  of  acid  is  used  for  absorbing,  the  mixture  of 
this  with  the  total  chamber-acid  still  comes  to  131°  Tw.,  which 
is  equally  a  safe  strength.  If,  however,  the  conditions  are  more 
unfavourable  in  this  respect,  the  dilution  can  no  longer  take  place 
outside  the  tower.  If,  for  instance,  the  chamber-acid  is  only  106° 
Tw.  strong,  131  parts  by  weight  of  it  correspond  to  100  parts  of 
acid  of  152° ;  and  if  of  the  latter  only  half  the  equivalent  is  taken 
{that  is  to  say,  100  parts  by  weight  of  acid  of  152°  Tw.  to  262  parts 
of  106°),  the  density  of  the  mixture  only  comes  to  118°,  at  which 
strength  nitric  oxide  begins  to  escape  from  a  solution  pretty  rich 
in  nitrososulphuric  acid  ;  but  the  above  is  an  extreme  case  which 
rarely  happens. 

In  these  calculations  the  degree  of  saturation  of  the  vitriol  with 
nitrous  compounds  is  not  yet  taken  into  account;  the  less  the 
amount  of  acid  used  every  day  in  the  Gay-Lussac  tower,  the  more 
will  it  be  saturated  with  nitre,  and  there  will  be  more  danger  of  gas 
escaping  from  the  nitrous  vitriol  when  mixing  it  with  chamber-acid. 

The  temperature  of  the  acid  running  off  from  the  Glover  tower 
is  usually  between  120°  and  130°  C.  (At  Stolberg,  in  1902,  it  was 
usually  120°,  exceptionally  up  to  135°,  the  gases  entering  into  the 
tower  at  300°,  sometimes  up  to  400°.)  If  the  work  is  very  much 
pushed,  it  may  reach  140°  or  even  150°.  In  the  few  works  where 
this  happens,  no  bad  consequences  have  been  observed;  but  in 
one  works  I  was  told  that  a  little  more  nitre  was  always  used 
whenever  the  acid  became  hotter  than  138°  C.  Still  the 
observations  made  there  were  not  sufficient  to  establish  this 
result  as  certain,  if  all  disturbing  conditions  be  eliminated.  The 
gas  leaving  the  tower  at  the  top  has  generally  a  temperature  of 
from  50°  to  80°  C.  (at  Stolberg  from  80°  to  120°)  ;  it  should  not 
be  above  60°,  at  which  temperature  cooling  it  before  it  enters  the 
cham1)ers  is  quite  unnecessary. 
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One  of  Bode's  towers,  working  with  dust-burners^  had  to  receive 
the  burner-gas  after  passing  through  a  large  dust-chamber.  The 
gas,  therefore,  only  reached  the  tower  152°  to  180°  C.  hot ;  and 
the  temperature  on  leaving  it  varied  between  30°  and  40°  C.  The 
hot  acid  running  oflF  showed  between  96°  and  110°  C.  "Wlien  this 
tower  was  only  employed  for  concentrating  chamber- acid,  it  daily 
evaporated  6  tons  of  water  and  produced  2  tons  3^  cwt.  acid  of 
144°  Tw.  from  chamber-acid  of  110°.  This  corresponds  to  a 
saving  of  coals  for  chamber-steam  equal  to  IJ  cwt.  per  diem. 
When  the  tower  was  employed  both  for  concentrating  and  deni- 
trating,  it  supplied  daily  on  a  average  2  tons  of  acid  of  144°  Tw., 
and  evaporated  9  cwt.  of  water  ;  the  denitration  was  perfect.  The 
kiln-gas  had  7^  per  cent,  by  volume  of  sulphur  dioxide.  Of 
course  the  above  results  are  much  less  favourable  than  with  the 
usual  initial  temperature  of  300°  to  400°  C.  Even  in  the  latter 
case  the  temperature  of  the  gas  leaving  the  tower  does  not  ex- 
ceed 50°  to  60°  C.  Such  a  hotter  tower  of  8*28  square  metres 
section,  according  to  Vorster  (*Dingler's  Journal,'  ccxiii.  p.  411), 
in  twenty-four  hours  evaporated  1400  kilog.  water ;  another  tower 
of  4'55  square  metres  section,  1048  kilog.  water,  the  kiln-gas 
containing  8  per  cent,  by  volume  of  sulphur  dioxide. 

Even  when  in  Bode's  Glover  tower,  by  an  accident,  the  percent- 
age of  the  kiln-gas  had  sunk  down  to  6  or  5  per  cent,  of  sulphur 
dioxide,  there  was  still  complete  denitration  and  an  evaporation  of 
7  cwt.  of  water  daily,  equal  to  1*7  ton  of  acid  of  144° Tw.  Bode 
calculates  from  this  that  even  when  calcining  the  poorest  ores  the 
Glover  tower  still  remains  a  useful  apparatus. 

Hasenclever  reported  as  early  as  1872  (Ber.  d.  deutsch.  chem. 
Gesellsch.  1872,  p.  506)  that  the  Glover  tower  had  been  successful 
in  combination  with  his  plate-burners ;  I  have  found  the  same  in 
combination  with  Maletra's  or  other  shelf -burners  in  a  large 
number  of  works,  at  all  of  which,  of  course,  there  were  dust- 
chambers. 

At  those  works  where  sulphuric  acid  is  made  from  brimstone, 
Glover  towers  are  not  so  regularly  found  as  with  pyrites -burners. 
The  reason  of  this  cannot  be  insufficient  heat  of  the  gases,  as  is 
proved  by  the  practice  of  several  large  works  where  the  Glover 
towers  work  perfectly  well  with  brimstone-burners,  and  show  ail 
the  advantages  found  elsewhere.  Sometimes  it  is  asserted  that  the 
higher  value  of  brimstone  acid  as  against  pyrites  acid  is  impaired 
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by  iron  carried  into  it  from  the  Glover  tower ;  but  this  cannot  take 
place  except  with  an  inferior  description  of  packing  material,  and 
it  is  entirely  avoided  by  confining  the  work  of  the  tower  to  deni- 
trating  the  nitrous  vitriol,  and  taking  the  sale-acid  from  the  cham- 
bers or  from  lead  pans  put  over  the  burners.  The  real  reason  for 
the  comparative  neglect  of  the  Glover  tower  at  brimstone-acid 
works  is  this^  that  many  of  these  works  are  of  small  extent  and 
cheaply  laid  out,  and  are  managed  with  insufficient  care,  so  that 
their  owners  would  rather  lose  nitre  and  sulphur  than  incur  the 
expense  of  erecting  and  the  trouble  of  working  Glover  towers. 
At  several  large  American  works  I  found  Glover  towers  working 
most  satisfactorily  with  brimstone- burners.  In  these  cases  the  heat 
of  the  gases  was  first  utilized  for  concentrating  chamber-acid  up  to 
140°  Tw.  or  even  (in  H.  Glover's  sulphur-burner,  *w/?m,  p.  279)  to 
168°  Twl,  after  which  the  gases  entered  the  Glover  tower  and  there 
produced  acid  of  150°  Tw.,  with  a  temperature  of  from  1 26°  to  130PC,, 
sufficient  in  quantity  for  amply  supplying  the  Gay-Lussac  tower. 

At  larger  works,  possessing  a  number  of  Glover  towers,  it  is  a 
frequent  and  convenient  arrangement  to  work  them  in  different 
ways,  viz.,  partly  for  making  acid  for  the  Gay-Lussac  towers  and 
partly  for  concentrating  acid  for  the  saltcake-pans.  The  first 
should  be  as  strong  as  possible,  and  need  not  be  entirely  denitrated ; 
it  can  be  obtained  in  this  state  by  feeding  but  little  chamber-acid 
along  with  the  nitrous  vitriol.  There  is  thus  a  constant  inter- 
change of  acids  between  the  two  kinds  of  towers ;  but  the  Glover 
tower  makes  a  good  deal  of  fresh  acid,  so  that  part  of  it  must  at 
all  events  be  employed  for  other  purposes. 

The  acid  for  decomposing  salt,  or  for  sale,  &c.,  on  the  other 
hand,  should  be  entirely  denitrated,  and  need  not  be  so  strong  as 
the  former;  for  this  purpose  much  more  chamber-acid  is  fed  along 
with  the  nitrous  vitriol. 

We  have  already  (p.  64«3)  pointed  out  the  varioiLS  functions  which 
are  fulfilled  by  the  Glover  tower.  The  object  for  which  it  was 
first  constructed,  the  deniiration  of  the  nitrous  vitriol,  that  is  the 
recovery  of  the  ^'  nitre  "  from  this  and  the  restoration  of  it  to  the 
chambers,  is  carried  out  by  this  means  in  the  most  perfect  way 
and  without  any  trouble.  It  is  easy  to  work  it  so  that  the 
acid  at  the  bottom  contains  even  a  slight  excess  of  SO2  (which  is 
compatible  with  a  very  slight  percentage  of  N2O8) ;  nor  is  there 
any  very  high  temperature  required  for  it,  especially  when  the 
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nitrous  vitriol  is  diluted  with  chamber-acid.  In  fact  at  some 
works  the  heat  of  the  pyrites-kilns  or  the  sulphur-burners  is  pre- 
viously utilized  for  concentrating  the  acid,  and  the  gases  only  then 
enter  into  the  tower,  where  they  perform  the  work  of  denitration, 
together  with  some  little  concentration,  and  are  cooled  down  to 
the  proper  temperature  for  entering  into  the  chambers.  This 
plan  is  especially  recommended  for  works  where  much  acid  is  sold 
or  is  further  concentrated  to  "  rectified  oil  of  vitriol,"  for  which 
purpose  the  acid  concentrated  in  the  Glover  tower  is  too  impure 
(sec  below).  This  case  also  arises  when  burning  arsenical  ores, 
where  the  gases,  in  order  to  deposit  the  large  quantity  of  flue-dust, 
have  to  pass  very  long  channels  (p.  390  et  seq,). 

That  the  fear  of  losing  any  nitre  in  the  Glover  tower  by  reduc- 
tion to  nitrous  oxide  or  nitrogen  is  totally  unfounded  has  been 
proved  before  (p.  639  et  seq,).  Far  less  nitre  is  consumed  in  the 
manufacture  of  sulphuric  acid  than  before  the  introduction  of  the 
Glover  tower;  and  the  change  has  in  most  cases  been  so  sudden 
that  it  seems  impossible  to  overlook  this  evidence. 

The  second  principal  function  of  the  Glover  tower  is  that  of 
concentrating  chamber-acid,  which  is  intimately  connected  with 
two  other  functions :  cooling  the  gases  and  supplying  part  of  the 
steam  for  the  chambers.  The  concentrating  action  of  the  Glover 
tower  was  first  studied  in  detail  by  Vorster  ('  Dingler's  Journal,' 
ccxiii  p.  413),  but  he  neglects  the  acid  brought  over  with  the 
burner-gas  as  SOg  and  that  formed  within  the  tower  itself.  Both 
these  sources  have  been  taken  into  account  in  the  investigation  of 
Scheurer-Kestner  (Bull.  Soc.  Chem.  xliv.  p.  98).  From  his 
analyses  of  burner-gases  it  appeared  that  these  contained  up  to 
9  parts  of  SO3  to  100  SO2 ;  the  average  was  about  3*5  parts.  As 
there  is  enough  water  even  in  the  air  and  the  pyrites  to  hydrate 
the  SO3,  it  is  sure  to  be  retained  in  the  Glover  tower.  He  further 
shows  the  mistakes  committed  by  Vorster  in  his  calculations,  from 
which  the  latter  had  concluded  that  very  little  acid  was  newly 
formed  in  the  tower ;  and  he  opposes  to  this  not  merely  the  prac- 
tical experience,  according  to  which  the  introduction  of  a  Glover 
tower  saves  from  10  to  20  per  cent,  of  chamber-space,  but  also 
some  special  large-scale  experiments  made  with  an  actual  tower  at 
the  Thann  acid- works,  by  carefully  measuring  for  some  weeks  the 
excess  of  acid  coming  out  from  the  tower  over  that  going  in. 
Thus  it  was  found  that  the  Glover  towers  made  1 5*7  to  16*3  per  cent, 
of  all  the  acid  produced  in  the  manufacturing  apparatus.     To  this 
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should  be  added  the  acid  volatilized  or  mechanically  carried  away 
from  the  towers  into  the  chambers^  which  was  (only  partially) 
estimated  by  measuring  that  which  condensed  in  the  connecting- 
pipes^  and  which  amounted  to  2  or  2^  per  cent,  of  the  total  make^ 
bringing  the  action  of  the  towers  to  17  or  19  per  cent.  This  was 
entirely  proved  by  the  result  of  prolonged  working  on  the  large 
scale ;  for  the  same  set  of  chambers  which  had  previously  made 
6  tons  of  O.V.  in  24  hours,  made  7*28  tons,  or  17*5  per  cent,  more, 
after  adding  a  Glover  tower  to  the  apparatus. 

Hence  the  concentration  observed  in  the  Glover  tower  is  to  a 
great  extent  only  an  apparent  one;  it  is  not  merely  due  to  volati- 
lization of  water,  although  this  also  takes  place  to  a  considerable 
extent,  but  also  to  the  formation  of  very  much  H2SO4,  which  dis- 
solves in  the  acid  used  for  feeding  and  raises  its  strength. 

In  a  previously  quoted  paper  (Bull,  de  la  Soc.  Ind.  de  Mul- 
house,  1889,  p.  267 ;  abstracted  by  me  in  Zeitschr.  f .  angew.  Chem. 
1889,  p.  275)  Sorel  has  tried  to  follow  the  functions  of  a  Glover 
tower,  so  far  as  they  refer  to  the  new  formation  of  sulphuric  acid, 
by  elaborate  calculations.  We  must  omit  the  greater  part  of 
these,  as  he  at  the  outset  commits  several  grave  errors  which 
modify  some  of  his  figures  to  the  extent  of  four  or  five  times  the 
real  values.  This  refers  especially  to  SorePs  calculation  of  the 
number  of  times  the  nitrous  gases  enter  into  reaction  during  their 
passage  through  the  Glover  tower,  and  the  time  occupied  by  each 
such  reaction ;  we  shall,  therefore,  substitute  for  these  a  new  cal- 
culation, based  on  the  figures  to  be  given  later  on,  indicating  the  real 
quantities  of  nitre  supplied  to  the  tower  in  one  shape  or  another 
at  a  well-managed  works.  We  may  assume  that  for  each  100  parts 
of  sulphur  burnt  in  24  hours  there  is  in  ordinary  cases  supplied 
to  the  chambers  the  equivalent  of  10*25  parts  of  commercial 
nitnte,  of  which  about  ^=7*32  parts  are  in  the  shape  of  nitrous 
vitriol,  and  ^=2*93  parts  in  that  of  fresh  nitric  acid.  These  would 
yield  the  following  quantities  of  oxygen  for  each  ton,  say  1000 
kilog.,  of  sulphur  burnt,*  on  being  reduced  to  nitric  oxide  : 
73*2  kil.  96  per  cent,  nitrate  as 

nitrous  vitriol  yield — =6"61  kil.  oxygen. 


29*3  kil.  ditto  as  nitric  acid  yield ^ = 7-82         „ 


29-3  x^  >c  9-6 
85 


Total  14-43 
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Now  each  16  parts  of  oxygen  oxidize  32  parts  of  sulphur^  enter- 
ing the  tower  in  the  shape  of  SOs>  to  H2SO4.  Hence  the  above 
14'43  kil.  of  nitric  oxygen  will  produce  sulphuric  acid  from  28*83 
of  sulphur^  if  its  actiou  is  exerted  only  once.  In  reality^  however^ 
up  to  250  of  the  total  1000  S  are  converted  into  H2SO4  within  the 
tower,  which  certainly  includes  the  SO3  carried  over  from  the 
kilns ;  but  as  this  on  an  average  does  not  exceed  3*5  per  cent,  of 
tlic  total  S,  we  shall  be  safe  in  assuming  that  200  kil.  S^  as  SO;^^ 
are  actually  oxidized  within  the  tower,  so  that  200— 28*8= 171'2 
kil.  of  S  have  been  oxidized  by  renewed  action  of  the  nitrous  gases. 
Considering  further  that  the  nitric  acid  is  reduced  to  NO,  and  that 
in  the  further  reactions  this  transfers  upon  SO2  only  as  much 
oxygen  as  its  equivalent  of  nitrous  vitriol,  the  total  oxygen  trans- 
fcrable  by  each  single  action  of  the  nitre  present  is  only  6'61  + 
2*21  =  882  kil.,  equivalent  to  forming  sulphuric  acid  from  17*64 

171*2 
kil.  sulphur.     There  must,  hence,  have  been  or,  roundly 

si)eaking,  ten  subsequent  transfers  of  oxijgen  upon  SO2  within  the 
Glover  tower  after  the  first  action  of  the  nitre  introduced. 

We  can  also  calculate  the  time  occupied  by  each  such  transfer. 
The  cubic  contents  of  an  ordinary  Glover  tower,  counting  the  spaec 
within  the  lining  from  the  surface  of  the  grate  to  the  top,  varies 
from  180  to  at  most  300  cubic  feet  per  ton  of  sulphur  burnt  in  24 
hours.  If  we  take  the  very  usual  capacity  of  200  cubic  feet, 
and  deduct  50  per  cent,  for  the  packing  (which  is  probably 
below  the  truth),  and  if  we  further  assume  that  the  denitration  i» 
practically  complete  halfway  down  the  tower  (which  is  decidedlv 

allowable),  we  get  -—=50  cubic  feet  as  the  real  empty  space 

within  which  the  acid-forming  reactions  take  place,  or  slightly 
under  1*5  cubic  metre.  Now  the  volume  of  gases  given  oflF  bv 
the  combustion  of  1000  kil.  of  pyrites-sulphur  in  a  properly  con- 
ducted operation  is,  as  shown  on  p.  400,  about  8144  cubic  metres^ 
calculated  for  0°  and  760  millim.  pressure.  Prom  this  we  must 
make  a  slight  deduction  for  the  gases  taken  out  by  the  formation 
of  H2SO4,  say,  up  to  the  middle  of  the  denitrating  zone,  equal  to 
^\j  of  the  total  SO2=70  cubic  metres,  and  the  corresponding 
quantity  of  oxygen,  equal  to  35  cubic  metres,  leaving  8039  cubic 
metres  at  0°  and  760  millim.  pressure,  or,  roundly  8000  cubic 
metres.     As  the  average  temperature  of  the  denitrating  zone  is 
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about  90^  C,  the  above  quantity  of  gases  in  reality  occupies  a 

10  700 
space  of  about  10,700  cubic  metres,  or  -y^z — =7107  times  the 

active   space,  that  is  the  denitrating  zone,  of  the  Glover  tower. 

TT           xu        •            c  XI                -41  •    4.U  4.           .    24  X  60  X  60 
Hence  the  sojourn  of  the  gases  within  that  space  is   —        ^  or 

as  nearly  as  possible  12  seconds.  But  we  have  seen  that  there  are 
eleven  successive  actions  of  the  nitrous  gases  upon  SO2  within  the 
tower,  so  that  each  of  these,  consisting,  according  to  the  older 
theories,  of  an  oxidation  and  a  reduction,  or,  according  to  the 
modern  theory  to  be  developed  in  the  next  Chapter,  of  the  forma- 
tion and  decomposition  of  nitrososulphuric  acid,  cannot  require 
much  more  time  than  one  second. 

We  may  draw  another  important  inference  from  the  established 
facts.     The  usual  allowance  of  chamber-space  per  lb,  of  sulphur 
burnt  in  24  hours  is  20  cubic  feet,  or  44,800  cubic  feet  per  ton  of 
sulphur.     Of  this  ton,  one-fifth  is  oxidized  into  sulphuric  acid  in 
the    Glover  tower,  leaving  four- fifths   for  the  chambei's.      This 
means  that  50  cubic  feet  of  active  Glover-tower  space,  as  defii>ed 
above,  make  acid  from  0'2  ton  of  sulphur,  or  1  ton  of  sulphur 
requires  250  cubic  feet,  whilst  44,800  cubic  feet  of  chamber-space 
make  acid  from  0*8  ton  of  sulphur,  or  1  ton  in  this  case  requires 
56,000  cubic  feet.     In  other  words :  the  denitrating  zone  of  the 
Glover  tower  makes  224  times  more  acid  than  an  equal  cube  of 
chamder-space.     If  we  take  the  minimum  chamber-space  allowed 
at  most  English  or  German  alkali- works,  viz.,  16  cubic  feet  per  lb. 
of  sulphur =35 ,840  cubic  feet  per  ton,  this  still  means  44^800  cubic 
feet  for  the  acid  really  made  within  the  chambers,  or  only  ,  J-,j  of 
the  activitv  of  the  Glover  tower  *. 

We  shall  now  better  understand  why  I  recommend  replacing  a 
large  portion  of  the  chamber-space  by  columns  acting  in  a  similarly 
energetic  way  as  Glover  towers  (pp.  478  et  seq.). 

This  enormous  action  of  the  Glover  tower  is  explicable  on  the 
assumption  that  the  nitric  oxide  set  free  in  the  lower  parts  of  the 
denitrating  zone,  according  to  the  equation 

2S05NH  +  S02  +  2H20=3S04H2  +  2NO, 
is  fixed  again  in  the  upper  parts  by  the  reaction  : 

2N0  +  2SO2  H-  H2O  +  30  =  2S0;,N  H  ; 

*  These  culculations  are  more  correct  than  those  I  have  given  in  the  Zeitschr. 
f.  aijgew.  Chem.  1889,  p.  388,  on  the  basis  of  Sorel's  somewhat  doubtful  dat»i 
and  altogether  wrong  calculations. 


()72  THE  RECOVERY  OF  THE  NITROGEN  COMPOUNDS. 

the  nitrososulphuric  acid,  thus  re-formed,  on  descending  into  the 
lower  regions  is  denitrated again,  and  the  NO,  thus  flying  backwards 
and  forwards,  incessantly  and  quickly  transfers  oxygen  upon  the 
sulphur  dioxide  arriving  in  the  shape  of  burner-gas.     This  action, 
which,  of  course,  equally  takes  place  in  the  chambers,  is  in  the 
Glover  tower  immensely  aided  by  the  continuous  mixture  of  the 
gases  and  their  constant  shocks  against  surfaces  wetted  with  nitrous 
vitriol.    The  very  large  amount  of  heat  produced  by  the  chemical 
reactions  cannot  give  rise  to  any  considerable  elevation  of  tempera- 
ture, as  the  heat  is  expended  in  evaporating  water  from  the  acid 
trickling  down,  and  concentrating  this  acid,  as  already  pointed  out. 
If  the   tower  be  too   high,  and  if  the  top  be  kept  too  cool 
(which  will  depend  upon  the  former),  much  less  than  the  above 
calculated  work  will  be  done  in  it.     In  this  case  there  will  be  a 
considerable  condensation  of  the  steam,  generated  below,  in  the 
upper  region  of  the  tower ;  this  will  facilitate  the  denitration  near 
the  top  itself,  and  the  NO  here  generated  will  be  carried  over  into 
the  chamber  without  performing  the  above-described  multiple  M'ork. 
Experience  has  indeed  long  ago  shown  that  Glover  towers  ought 
not  to  exceed  a  certain  height  (25  or  at  most  30  feet,  corap.  p.  657) 
to  do  the  best  possible  work,  both  for  evaporation  and  for  forming 
new  acid.     But  Sorel,  in  my  opinion,  goes  very  much  too  far  in 
advising  that  the  Glover  towers  should  be  kept  as  hot  as  possible, 
and  should  be  fed  with  as  concentrated  an  acid  as  possible.     He 
looks  at  one  side  of  the  question  only,  and  that  decidedly  the  less 
important  one,  viz.,  that  there  should  be  as  great  a  production  of 
acid  as  possible  within  the  Glover  tower,  by  retaining  the  nitrous 
compounds  within  it  a  very  long  time.     He  neglects  two  other 
considerations  of  much  greater  importance :  that  by  his  mode  of 
conducting  the  process  the  denitrating  work  is  greatly  impaired, 
so  that  the  acid  issuing  at  the  bottom  carries  away  very  sensible 
quantities  of  nitre,  and  that  by  the  great  heat  of  the  gases  and 
the  concentration  of  the  acid  the  life  of  the  tower  is  very-  much 
shortened.     Sorel's  plan  interferes  both  with  the  complete  deni- 
tration of.  the  nitrous  vitriol,  and  also  with  the  important  action 
of  the  Glover  tower  for  bringing  the  chamber-acid  just  up  to  the 
strength  required  for  decomposing  salt,  &c.  (say,  140°  to  145°  Tw.), 
merely  in  order  to  force  rather  more  SO2  through  the  chambers 
than  they  can  otherwise  manage  to  oxidize ;  but  this  object  does 
not  seem  worth  incurring  the  serious  drawbacks  just  mentioned. 
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The  following  drawbacks  are  connected  with  the  Glover  tower, 
the  first  of  which  is,  however,  only  temporary,  and  much  less  felt 
where  there  is  no  coke-packing  in  the  Glover,  but  only  in  the 
Gay-Lussac  tower.  This  coke  communicates  to  the  acid,  especially 
at  the  beginning,  a  brown  colour  (due  to  organic  substances), 
which  is  quite  immaterial  to  its  technical  application,  but  injures 
its  sale.  After  a  little  time  this  ceases ;  and  the  acid  running 
away  from  the  Glover  tower  is  then  as  clear  as  water,  and,  on 
account  of  its  strong  refraction  of  light  and  oily  appearance,  is 
compared  by  the  workmen  to  **  gin.'' 

The  contamination  with  iron  is  permanent,  and  is  somewhat 
stronger  than  in  acid  made  from  the  same  pyrites  in  ordinary 
chambers,  simply  because  the  tower  at  the  same  time  serves  for 
keeping  back  the  flue-dust.  According  to  Hasenclever,  his  Glover- 
tower  acid  contained  0*05  per  cent,  of  iron  (Berl.  Ber.  1872, 
p.  506). 

Besides  iron,  the  Glover-tower  acid  frequently  contains  con- 
siderable quantities  of  alumina,  of  course  in  proportion  to  the 
resistance  of  the  lining  and  packing-material  to  the  action  of  the 
acid  and  also  of  the  arsenic. 

The  flue-dust  and  the  sulphates  of  iron  and  alumina  are  often 
formed  in  such  large  quantities  within  the  tower  that  it  cannot 
be  worked  for  any  considerable  time  without  being  washed  down 
occasionally  by  a  strong  jet  of  water.  But  in  the  long  run  this 
is  not  sufScient;  the  interstices  get  filled  up  with  hard  crusts, 
and  the  tower  must  be  stopped  for  re-packing,  which  is  a  very 
troublesome  and  expensive  operation.  It  is  hence  advisable 
to  go  to  some  extra  expense-  for  the  best  obtainable  lining  and 
packing-material. 

An  interesting  application  of  the  Glover  tower  is  that  for 
utilizing  the  nitrogen  acids  remaining  in  the  acid  from  the  manu- 
facture of  nitrobenzene  and  nitroglycerine ;  these  are  used  in  some 
works  for  running  down  in  the  Glover  tower. 

Where  the  Glover-tower  acid  is  only  used,  apart  from  the  service 
of  the  Gay-Lussac  tower,  for  decomposing  salt,  for  manufacturing 
manure,  and  for  many  other  purposes,  its  impurities  are  of  no 
consequence.  But  it  cannot  be  used  for  such  purposes  where  those 
impurities  would  be  troublesome,  and  especially  not  for  higher 
concentration  to  "  rectified  O.V."  in  glass  or  platinum  retorts,  as 
then  hard  adhering  crusts  of  ferric  sulphate  are  formed.     Even 
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then  the  use  of  a  Glover  tower  need  not  be  relinquished,  but  it 
must  be  either  treated  only  as  a  denitrator,  the  heat  of  the  burner- 
gases  being  previously  utilissed  for  concentrating  acid  (comp.  pp.  274 
&  310  and  Chap.  IX.)  ^  or  else  the  acid  required  for  the  manufac- 
ture of  rectified  O.V.  and  similar  purposes  is  taken  out  of  the  first 
chamber  without  passing  it  through  the  tower. 

With  Glover  towers  constructed  on  the  HerreshoflF  system  (that 
is,  with  quartz  lining  and  quartz  packing),  there  is  no  alumina  in 
the  Glover  acid,  but  the  iron  and  arsenic  derived  from  the  flue- 
dust  still  remain  as  impurities,  so  that  there  cannot  be  much 
difference  as  regards  the  crusts  formed  in  platinum  stills. 

Denitration  by  other  means. 

The  proposal  of  Garroway  (E.  P.  1673,  of  1883)  to  eflFect  the 
denitration  and  concentration  of  the  acid  without  a  Glover  tower, 
by  means  of  stoneware  vessels  placed  in  the  gas-flue  between  the 
burners  and  the  first  chamber,  seems  to  offer  very  little  prospect 
of  success. 

Windus  (E.  P.  367,  1882)  proposes,  instead  of  denitrating  the 
nitrous  vitriol  in  Glover  towers,  to  do  this  by  agitating  it  within 
the  chambers,  and  promoting  the  disengagement  of  the  gases  by 
producing  a  vacuum.  The  agitation  is  to  be  produced  by  mechanical 
means,  or  by  allowing  thin  jets  of  acid  to  fall  into  the  acid  at 
the  bottom  of  the  chamber.  It  is  unnecessary  to  point  out  the 
impossibility  of  denitration  by  this  procedure. 


I—         IMfci^i^Bb^  ,.  ,j. 
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CHAFTER  VII. 

THE  CHAMBER-PKOCESS. 
Starting  the  Chambers, 

In  order  to  start  a  set  of  chambers^  first  of  all  the  cdamber-bottoms 
must  be  covered  with  acid.  This  is  absolutely  necessary  when  the 
sides  are  not  burnt  to  the  bottom,  but  hang  loosely  down  into  its 
upstand^  as  here  an  hydraulic  seal  is  required  to  keep  the  gas  withiu 
the  chamber.  Enough  liquid  for  the  sides  just  to  dip  into  it  is 
sufficient ;  for  as  the  lead  expands  on  the  chamber  getting  warm, 
and  as  the  liquid  constantly  increases  by  condensation,  the  hydraulic 
seal  is  constantly  improving.  However,  for  reasons  to  be  stated 
hereafter,  it  is  preferable  to  make  the  depth  of  acid  as  great  as 
possible  from  the  outset.  Only  in  extreme  cases  ought  water  to 
be  taken  for  luting  the  chamber ;  acid  should  rather  be  bought 
elsewhere  at  some  expense  to  avoid  this.  If  it  can  be  done,  the 
proper  thing  is  to  bring  up  the  bottom-acid  at  once  to  at  least 
about  90^  Tw.,  better  100°.  If  this  cannot  be  eflFected,  this  strength 
ought  at  least  to  be  approached  as  nearly  as  possible.  The  reason 
why  starting  a  chamber  with  water  or  very  weak  acid  should  be 
avoided  is,  that  otherwise  the  vapour  of  nitric  acid  dissolves  in 
the  bottom-liquid  and  acts  upon  the  lead. 

Even  if  all  the  nitric  acid  freshly  supplied  were  decomposed  by 
sulphur  dioxide  before  reaching  the  bottom,  the  presence  of  water 
or  very  dilute  acid  in  large  quantity  would  cause  the  new  forma- 
tion of  large  quantities  of  nitric  acid  from  the  lower  oxides  of 
nitrogen  (NjO^,  NgOj,  and  NO),  and,  on  the  other  hand,  of  nitrous 
oxide,  NjO;  there  would  thus  be  a  great  loss  of  nitre  in  both 
shapes^  apart  from  the  action  of  the  lead,  and  the  reactions  within 
the  chamber  would  be  quite  irregular.  Altogether  the  chamber- 
process  only  goes  on  properly  when  there  is  an  abundant  quantity 
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of  pretty  strong  acid  at  the  bottom  of  the  chambers.  It'  the  sides 
are  burnt  to  the  bottom,  it  is  even  preferable  to  start  a  chamber 
dry  to  starting  it  with  water;  but  otherwise  a  layer  of  about 
4  inches  of  acid  on  the  bottom  of  such  chambers  is  preferred. 

Supposing  the  chambers  to  be  luted  with  acid,  and  the  burners 
to  be  heated  up  so  that  they  can  be  charged,  the  connection  between 
them  and  the  chambers  is  made  and  the  burner-gas  allowed  to 
enter.  Of  course  sufficient  draught  is  given  and  nitric  acid 
admitted  at  once,  but  at  first  no  steam,  in  order  not  to  dilute  the 
bottom-acid  too  much.  The  nitric  acid  is  introduced  precisely  in 
the  same  way  as  later  on,  either  as  vapour  or  in  the  liquid  form. 
At  first  about  three  or  four  times  as  much  is  put  in  as  is  necessary 
afterwards,  because  there  must  be  a  stock  of  nitre-gas  collected  in 
the  chambers,  which  subsequently  needs  only  to  be  renewed  so  far 
as  any  loss  is  suffered.  Liquid  nitric  acid  can  be  introduced  much 
more  quickly  than  gaseous,  since  the  latter  depends  upon  the  heat 
of  the  burner-gas  working  the  nitre-oven ;  but  with  liquid  acid  the 
thing  must  not  be  overdone,  since  it  might  not  be  decomposed 
entirely  before  reaching  the  bottom.  This  can  hardly  happen 
when  introducing  it  through  the  Glover  tower.  At  the  beginning 
from  12  to  15  parts  of  nitrate  of  soda,  or  a  corresponding  quantity 
of  nitric  acid,  must  be  employed  to  100  parts  of  sulphur ;  and  this 
must  be  continued  till  the  last  chamber  turns  yellow;  then  the 
quantity  is  gradually  diminished  till  the  proper  point  is  reached. 

MacCulloch  (Chem.  News,  xxvii.  p.  136)  prescribes  starting 
chambers  by  admitting  steam  and  nitre-gas  from  the  steam-column 
(comp.  p.  686)  for  five  or  six  hours  before  the  burner-gas  is 
admitted.  In  that  case,  he  says,  the  chambers  work  well  from 
the  first,  and  in  one  instance  showed  acid  of  1*65  at  the  drips 
already  in  12  hours.  This  may  be  so;  but  that  process,  while 
saving  a  little  time  and  possibly  a  little  nitre,  from  the  outset 
detracts  much  from  the  durability  of  the  chambers,  since  during 
the  five  or  six  hours  when  they  receive  only  steam  and  nitre-gas 
very  much  nitric  acid  must  condense,  and  whatever  is  gained 
by  the  drips  is  again  lost  by  the  previous  dilution  of  the  bottom- 
acid. 

As  soon  as  the  drips  and  test-plugs  prove  that  sulphuric  acid  is 
already  forming  in  the  chamber,  steam  is  admitted,  usually  on  the 
second  day,  but  at  first  with  great  caution.  Then  all  the  factors 
of  acid-making  are  at  work,  and  the  same  rules  are  now  valid  as 
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for  the  ordinary  process.  If  every  thing  is  in  proper  order,  and  if 
plenty  of  nitre  is  used  (none  of  which,  with  a  Gay-Lussac  tower, 
is  lost),  a  chamber  maybe  in  regular  working  order  on  the  fourth, 
sometime^  even  on  the  third  day  after  starting. 

We  must  also  take  into  account  the  opposite  case,  viz.  wheii  a 
set  of  chambers  has  to  be  stopped  for  repairs.  It  maybe  necessary 
to  do  so  for  one  or  two  days,  and  it  is,  of  course^  most  important 
to  be  able  to  go  on  again  as  quickly  as  possible,  without  losing 
too  much  nitre.  If  the  proper  precautions  are  neglected,  it  is 
possible  that  so  much  nitric  acid  is  produced  that  the  chamber- 
lead  is  seriously  acted  upon.  To  avoid  this,  we  must  proceed  as 
follows  : — First  of  all,  the  pyrites-burners  are  stopped  ;  no  fresh 
charge  is  put  in,  and  all  openings  are  closed  as  tightly  as  possible. 
Next  to  this  the  supply  of  nitre  is  stopped,  but  that  of  steam  is 
continued,  so  long  as  the  gas  of  the  last  chamber  shows  any  out- 
ward pressure.  When  this  has  ceased,  and  there  is  on  the  contrary 
some  inward  suction,  the  outlet  damper  is  closed,  and  air  is 
allowed  to  enter  at  some  lute,  manhole,  sight,  &c.,  to  avoid  forcing 
in  of  the  chamber- walls  by  the  atmospheric  pressure.  Even  now 
there  is  a  good  deal  of  acid  produced,  as  proved  by  the  action  of 
the  drips ;  but  the  steam  should  be  shut  ofE  as  soon  as  the  drips 
go  down  to  100°  Tw.  When  the  drips  cease  to  act  all  openings 
are  shut.  If  the  burners  are  started  again  within  three  days 
from  the  stoppage,  it  is  only  necessary  to  put  on  a  good  supply  of 
nitre  in  order  to  get  the  chambers  to  work  again ;  the  regulation 
of  the  steam  must,  however,  be  as  carefully  attended  to  as  when 
starting  a  new  set  of  chambers. 

Supply  of  Air. 

The  object  of  a  regular  chamber-process  is  of  course  this : — to 
make  from  a  given  quantity  of  brimstone  or  pyrites  the  greatest 
possible  quantity  of  sulphuric  acid  with  the  smallest  possible  con- 
sumption of  nitre.  We  may  add  at  once,  as  less  decisive,  but 
still  of  importance,  to  make  the  chamber-acid  as  strong  as  is 
compatible  with  the  two  conditions  just  stated  and  with  a  saving 
of  the  chamber-lead.  In  order  to  attain  that  object,  the  attention 
of  the  chamber-manager  must  be  directed  to  many  points,  some  of 
which  have  already  been  treated  of  in  detail,  whilst  others  will 
be  enlarged  upon  here. 
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1st.  Complete  Combustion  of  the  Sulphur^ore. — ^This,  with  brim- 
stone, follows  as  a  matter  of  course  ;  with  pyrites  it  is  much  more 
difficult  (compare  also  p.  314  et  seq.). 

2iid.  Proper  Composition  of  the  Burner-gas, — ^This  also  has  been 
treated  of  in  the  4th  Chapter ;  and  we  will  here  merely  repeat  that 
the  proper  composition  of  the  burner-gas  almost  entirely  depends 
upon  the  regular  supply  of  air  produced  by  proper  regulation  of 
the  draught.  We  have  already  seen  (p.  321)  that,  apart  from 
chemical  analysis,  there  are  practical  tests  to  show  at  the  burners 
whether  the  draught  is  right  or  not.  But  at  the  chambers  them- 
selves this  must  equally  be  looked  to,  by  means  of  the  man-lids 
in  the  top,  or  the  test-plugs  (p.  508),  or  by  pressure-gauges  or 
anemometers  (pp.  508  &  562).  Generally,  the  following  rules 
may  be  laid  down  as  a  rough  guidance : — 

In  a  set  of  three  chambers  the  first  chamber  should  show  an 
outward  pressure,  and,  accordingly,  the  gas  should  issue  in  force 
whenever  a  plug  is  opened.  In  the  middle  chamber  the  gas  should 
be  pretty  nearly  in  equilibrium  with  the  outer  air ;  in  any  case 
there  should  be  rather  a  little  outward  pressure  than  any  inward 
suction.  In  the  last  chamber  there  may  be  some,  but  very  little, 
inward  suction  ;  and  behind  it,  but  before  the  damper,  the  suction 
should  be  very  perceptible.  The  Bhenania  works  (1902)  keep 
some  pressure  throughout  the  chambers,  diminishing  gradually 
from  front  to  back,  the  suction  beginning  only  behind  the  Gay- 
Lussac,  and  this  is  also  done  at  other  well-managed  works  known 
to  the  author.  Knapp  compares  the  chambers  to  a  lake  traversed 
by  a  river :  the  speed  of  current  at  its  inlet  is  diminished  in  the 
interior  of  the  wide  basin  so  as  to  be  almost  imperceptible  ;  but 
at  the  outlet  in  the  narrow  draught-pipe  it  again  comes  out  with 
the  same  strength  as  at  first.  Payen's  '  Precis  '  (i.  p.  318)  states 
the  speed  of  the  gas  within  the  chambers  to  be  8  to  10  inches 
per  minute.  Comp.  also  Niedenf  iihr's  measurements  of  pressures^ 
p.  498. 

Generally,  it  may  be  said  that  the  draught  must  be  sufficient  to 
obtain  a  proper  working  of  the  burners  and  proper  composition  of 
the  gas,  but  no  more  than  this.  The  draught  should  be  observed 
not  merely  by  practical  indications,  but  by  testing  the  burner-gas 
for  SO2,  and  the  exit-gas  for  O.  The  rule  given  can  here  be  stated 
more  precisely  in  this  form : — ^There  is  so  much  draught  given  that 
the  burner-gas  from  brimstone  approaches  a  percentage  of  11  per 
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cent.,  that  irom  pjrrites  8  per  cent.  SO^,  as  far  as  circumstances 
permit^  and  that  the  gas  issuing  at  the  end  still  contains  5  or 
6  per  cent,  of  oxygen. 

A  moet  important  control  of  the  working  of  the  chambers^  so 
£ar  as  the  dranght  is  concerned,  is  exercised  by  te$t%ng  the  exit- 
gases  far  oxygen^  as  has  been  described  (p.  417),  and  will  be 
mentioned  later  on  in  this  Chapter.  But  there  is  no  agreement 
on  the  question  as  to  what  is  the  proper  percentage  of  oxygen  i» 
chamber  exit-gaees.  Only  so  far  there  is  general  agreement  that  a 
certain  excess  of  oxygen  is  required,  over  and  above  the  theo- 
retical quantity,  in  order  to  promote  and  hasten  the  regeneration  of 
nitric  oxide  to  nitrous  acid,  &;c.  Bode  ('  Beitrage,'  p.  15)  assumes 
as  a  minimum  6  per  cent,  of  free  oxygen  in  the  exit-gas  of  the 
chambers,  and  mentions  that  at  8  per  cent,  free  oxygen  the  yield 
had  been  quite  as  good  as,  and  the  consumption  of  nitre  even  a  shade 
better  than,  at  6  per  cent.  According  to  Hasenclever  (Hofmann's 
Report,  i.  p.  370),  in  1866,  before  Schwarzenberg,  Gerstenhofer 
had  already  calculated  the  theoretically  best  composition  of 
bnmer-gas,  but  had  only  communicated  it  privately  to  several 
factories.  His  figures,  which  do  not  materially  differ  from  those 
quoted  (pp.  397  &  399),  are  : — for  brimstone, 

10*65  per  cent,  by  volume  of  SO,, 
10-35        „        „         „  O, 

79-00        „         „         „  N; 

for  burning  pyrites, 

8*80  per  cent,  by  volume  of  SO^, 
960        „         „         „  O, 

81-60        „        „        „  N. 

Scheurer-Kestner  also  assumes  that  the  percentage  of  oxygen 
in  the  exit-ga8=6  per  cent.  He  has,  however,  proved  that  the 
oxygen  in  the  burner-gas  is  considerably  less  than  according  to 
the  above  calculation,  probably  owing  to  the  formation  of  SO^ 
(p.  406). 

The  above  is  not  universally  accepted.  Vogt  contends  (Dingl. 
Joum.  ccx.  p.  105)  that  there  ought  to  be  only  3  or  4,  never  above 
5  per  cent,  oxygen  in  the  escaping  chamber-gas ;  beyond  5  per 
cent,  he  calls  *'  very  bad  work."  This  opinion  is  shared  by  some, 
but  not  by  many,  other  practical  men.    The  other  extreme  is  found 
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at  a  large  alkali-works^  where  it  is  believed  that  the  best  yield  of 
sulphuric  acid  is  obtained  with  10  per  cent,  of  oxygen  in  the  exit* 
gas^  certainly  with  a  somewhat  larger  consumption  of  nitre  than 
when  5  or  6  per  cent,  of  oxygen  is  adhered  to  (4  per  cent,  of 
NaNOa  upon  the  charge  of  sulphur,  instead  of  3  per  cent.).  The 
neighbouring  works,  burning  the  same  pyrites  under  identical 
conditions,  only  allow  5  to  6  per  cent,  oxygen,  and  I  think  this 
decidedly  right. 

But  if  it  is  established  that  a  certain  excess  of  oxygen,  although 
its  presence  increases  the  volume  of  gas,  yet  also  increases  the 
energy  of  the  action  in  the  chambers,  it  is,  on  the  other  hand,  at 
least  as  well  established  that  too  great  an  excess  of  air  vastly 
diminishes  the  yield  and  seriously  increases  the  consumption  of 
nitre.  We  here  refer  to  the  account  of  Olivier  and  Ferret's  first 
trials  with  pyrites  (p.  325). 

We  may  assume  that  in  Germany  the  minimum  and  maximum 
of  oxygen  in  the  exit-gases  is  kept  between  4  and  8  per  cent.  In 
France  it  is  rather  lower,  say  3  or  4  per  cent. ;  but  in  England 
the  higher  figure  7  or  8  per  cent,  seems  to  be  preferred  in  many 
places.  So  far  as  my  experience  goes,  a  medium  figure,  5  or 
6  per  cent,  oxygen,  would  in  the  majority  of  cases  be  the  proper 
one  to  aim  at,  but,  if  anything,  1  would  rather  allow  a  margin  a 
little  below  than  above  that  figure. 

Excessive  draught  acts  in  a  diflerent  way,  according  to  whether 
the  admission  of  air  to  the  burners  is  regulated  in  the  proper 
manner  or  not.  If  the  action  of  the  excess  of  draught  extends 
to  the  burners,  they  will  become  too  hot ;  sulphur  will  be  sub- 
limed, especially  from  brimstone-burners,  but  even  from  pyrites- 
burners,  and  in  the  latter  scars  will  form.  If,  however,  the  excess 
of  draught  is  ve^^  great,  the  burners  may  become  cooled  by  the 
excess  of  air. 

If  the  admission  of  air  below  the  burner-grates  is  regulated  so 
that  these  do  not  receive  too  much  air,  an  excessive  draught  at  the 
end  of  the  system  must  produce  a  diminution  of  pressure  in  the 
chambers ;  air  is  aspirated  through  the  tiniest  chinks  and  crevices, 
and  in  very  bad  cases  the  sides  of  the  chamber  may  be  drawn  in. 

In  both  cases  ''  false  air  ^^  gets  into  the  chamber,  there  is  too 
much  oxygen  and  inert  gases,  the  chamber-space  is  badly  utilized, 
and  the  excess  of  gases  carries  away  both  sulphur  dioxide  and 
nitrous  gases.     If  the  former  is  to  be  prevented  by  employing 
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more  nitre,  too  much  work  is  put  upon  the  Gay-Lussac  tower  and 
more  nitre  will  be  lost  than  in  a  regular  way. 

With  insufficient  draught  at  the  end  of  the  system  there  will  be 
too  much  pressure  in  the  chambers,  as  the  hot  gases  continue  tu 
come  OTer  from  the  burners  ;  after  a  short  time  there  will  be  lack 
of  air  in  these,  which  is  shown  by  the  analysis  of  the  burner-gas 
and  end-gas ;  the  burner  first  becomes  too  hot,  as  the  cooling  effect 
of  the  air  is  missing,  and  scars  are  formed,  whereupon  they  turn 
cold,  the  ore  bums  incompletely,  and  the  gas  gets  poor.  Generally 
this  is  accompanied  by  gas  blowing  out  of  the  burners,  which 
might,  of  course,  also  be  caused  by  any  kind  of  stoppage  in  the 
gas-flue,  but  cannot  be  confounded  with  this  contingency,  as  in 
this  case  the  pressure  in  the  chambers  is  not  too  great,  but  the 
reverse.  All  this  again  leads  to  an  excessive  consumption  of  nitre, 
as  the  lower  oxides  of  nitrogen  do  not  meet  with  sufficient  oxygen, 
and  even  NO  may  go  away  as  such. 

Either  cause  (as  a  consequence  of  the  above)  leads  to  a  bad  yield 
of  vitriol,  large  consumption  of  nitre,  escape  of  sulphurous  acid  into 
the  air.  Further  proof  is  not  required  to  show  the  importance  of 
regulating  the  draught  as  accurately  as  possible. 

In  the  case  of  poor  ores,  and  those  the  sulphur  of  w^hich  is  not 
readily  given  off,  also  in  the  case  of  burners  admitting  too  much 
false  air,  such  as  the  old  Belgian  burners,  too  much  air  gets  into 
the  chambers,  and  the  yield  is  consequently  always  very  bad.  At 
Oker,  for  instance,  in  1859,  from  a  50-per-cent.  pyrites  only  100 
instead  of  300  per  cent,  of  strong  acid  was  obtained,  with  a 
consumption  of  14'4}  parts  of  nitre  to  100  sulphur  (Knocke,  in 
Wagner^s  Jahresb.  1859,  p.  148) ;  and  the  Belgian  Commission 
states,  for  the  four  works  examined,  the  yield =242,  237,  259,  and 
238  parts,  instead  of  306  as  required  by  theory.  They  were  able 
to  detect  in  the  escaping  gas  0*38  to  1*26  per  cent,  of  sulphur 
dioxide,  and  11*7  to  17*4  per  cent,  of  free  oxygen. 

The  regulation  of  the  draught  takes  place  principally  or  some- 
times even  exclusively  at  the  exit  end  by  means  of  the  contrivances 
described  (p.  553  at  seq,).  It  is  not  practicable  to  depend  for  this 
entirely  on  the  ash-pit  holes  of  the  pyrites-burners  (p.  321), 
as  these  must  be  regulated  to  suit  each  individual  burner.  It 
is  very  important  not  to  overlook  that  the  gas-pipe  between  the 
burners  and  the  Glover  tower  and  the  chamber  may  be  partially 
stopped  up  with  deposit.     In  this  case  the  draught  at  the  burner 
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will  be  bad,  but  will  be  little  improved  by  opening  the  exit-damper 
ever  so  wide,  and  closing  the  latter  will  only  draw  in  air  at  any 
chance  crevice  and  injure  the  chamber-process.  This  cannot  be 
overlooked  if  the  process  is  properly  controlled  by  regularly  testing 
the  burner-gas  and  exit-gas ;  if  the  latter  shows  enough  or  more 
than  enough  free  oxygen  while  the  burner-gas  is  blowing  out, 
there  must  be  some  intermediate  stoppage.  The  lutes  or  side- 
plugs,  or  still  better  pressure-gauges  (p.  508)  fixed  in  various 
parts  of  the  set,  will  easily  allow  of  localizing  that  stoppage. 

On  the  contrary,  some  prefer  working  in  this  way,  that  there 
is  always  ample  draught  from  the  burners  into  the  first  chamber, 
by  employing  large  and  very  loosely-packed  Glover  towers  ; 
the  burners  in  this  case  never  blow  out,  and  yet  the  chambers 
themselves  can  be  worked  right  to  the  end,  with  even  outward 
pressure  in  lieu  of  inward  draught.  But  there  must  then  be  this 
drawback  that,  owing  to  the  loose  packing,  the  denitratiou  in  the 
Glover  tower  will  be  hardly  perfect.  This  can  be  obviated  by 
the  following  plan,  which  may  be  usefully  adopted  in  special 
cases : — The  Glover  tower  is  packed  as  usual,  so  as  to  be  an 
eificieut  denitrator  and  concentrator.  From  it  the  gases  are  still 
made  to  ascend  a  suflScient  height,  say  6  or  10  feet,  in  a  wide 
tube,  which  then  turns  (avoiding  any  sharp  bends)  sideways 
and  dips  down  into  the  roof  of  the  first  chamber.  Thus  a  siphon 
is  formed,  and  as  the  gases  in  the  second,  descending  limb 
are  cooler  than  in  the  part  rising  upwards  from  the  tower  (in 
extreme  cases  the  air-cooling  might  even  be  supplemented  in 
summer  by  water-cooling),  this  will  cause  suction  of  the  gases  from 
the  tower,  and  thus  increase  the  draught  from  the  burners,  without 
drawing  the  gas  away  from  the  chambers  too  quickly  at  the  other 
end.  Of  course  this  result  is  much  more  easily  attained  by  a  fan- 
blast  (p.  559). 

Exceptionally,  air  is  admitted  behind  the  burners,  usually  by 
means  of  an  injector  in  the  first  chamber  which  is  so  constructed 
as  to  introduce  some  air  along  with  the  steam  (p.  553).  This 
must  be  done  where  the  burner-gases  are  too  rich,  and  especially 
where  the  first  supply  of  air  is  purposely  kept  as  low  as  possible, 
in  order  to  get  hotter  gas,  as,  for  instance,  in  H.  Glover's  brim- 
stone-burner (p.  279),  which  is  intended  to  concentrate  the  acid 
by  the  heat  of  the  gases. 

Some  chamber-managers  contend  that  no  regulation  of  the 
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draught  need  take  place  at  the  outlet  when  this  has  been  done 
once  for  all^  as  the  outside  atmospheric  conditions  are  never  so 
varying  as  to  interfere  with  the  working  of  the  process.  But  this 
opinion  is  decidedly  wrong.  In  most  parts  of  Central  Europe  the 
temperature  may  vary  up  to  40°  C,  or  even  more,  between  the 
extreme  heat  of  summer  and  the  extreme  cold  of  winter.  But  this 
means  that  for  every  1000  cubic  feet  of  air  required  in  the  coldest 
season^  nearly  1150  cubic  feet  must  pass  through  the  apparatus  in 
the  hottest  season,  supposing  the  barometric  pressures  to  be  equal. 
But  these  latter  as  well  may  vary  80  millimetres,  or  even  more ;  so 
that,  for  instance,  1000  cubic  feet  at  760  mm.  pressure  represent 
the  same  weight  of  air  as  1041  cubic  feet  at  730  mm.  Combining 
both  (and  very  frequently  low  temperatures  and  high  barometric 
pressure  go  together,  as  well  as  high  temperatures  and  a  low 
barometer),  1000  cubic  feet  in  winter  may  be  equal  in  weight  to 
1200  cubic  feet  in  summer.  It  is  quite  evident  that  such  large 
differences,  and  even  much  lesser  ones,  as  they  may  occur  from 
day  to  day,  must  be  compensated  by  regulating  the  outlet  of  the 
gases  accordingly.  Nor  must  it  be  overlooked  that  the  pressure 
of  wind  affects  the  quantity  of  gases  passing  through  a  given 
orifice,  and  this  circumstance  sometimes  during  the  year  has  a  very 
serious  effect  on  the  draught,  even  when  the  burner-house  (as  it 
ought  to  be)  is  sheltered  against  the  direct  action  of  gusts  on  the 
ash-pits. 

The  great  lack  of  quantitative  statements  as  to  the  draught 
necessary  in  various  parts  of  the  chamber-system  has  been  par- 
tially remedied  by  an  investigation  by  Norrenberg  (Chem.  Ind. 
1899,  p.  48;  comp.  also  the  criticism  by  Eichhorn,  ibid.  p.  150, 
and  Norrenberg's  answer,  p.  237).  The  required  pressure  within 
the  chambers  can  be  attained  only  by  a  strong  up-draught.  To 
produce  this,  we  should  make  the  difference  of  level  between  the 
burners  and  the  Glover  tower  as  great  as  possible.  The  gas  inlet- 
pipe  from  the  burners  to  the  Glover  tower  should  rise  straight  up, 
and  should  deliver  the  gases  into  the  tower  at  the  highest  prac 
ticable  temperature.  The  temperature  of  the  gases  leaving  tlie 
Glover  tower  should  be  very  little  above  that  of  the  main  chamber, 
and  any  gas  to  be  carried  downwards  should  be  cooled  as  much  as 
possible.  The  gas  leaving  the  last  chamber  may  descend  pretty 
low  towards  the  Gay-Lussac,  which  (of  course  !)  gives  all  the  better 
draught  the  greater  its  height  and  the  wider  the  outlet.     The  loss 
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of  up-draught  from  the  burners  should  be  lessened  by  giving  the 
connecting-pipes  and  flues  a  sufficiently  large  section  for  pro- 
ducing the  following  velocities  (having  regard  to  the  greatest 
possible  production  with  normal  burner-gases,  to  the  temperature 
ordinarily  attained  at  the  respective  places^  and  the  inequalities  of 
work) : — 

About       0*5     metre  per  second  in  the  (clean)  burner-flues. 
„  1*0         y,  „  „      Glover  inlet-pipe. 

0*8  to  1      „  „  „      Glover  grate, 

025 to 0*5  ,,  „  ,,      Glover  packing, 

(if  possible  rather  less) 

I'O     metre  per  second      „      connecting-pipe  leading 

to  the  last  chamber. 
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The  velocity  in  the  pipe  leading  to  the  Gay-Lussac  and  that  in 
the  outlet-pipe  of  the  latter  should  be  such  that,  on  deducting  all 
the  losses  of  pressure  up  to  tlie  Gay-Lussac  outlet  from  the 
efiective  up-draught  there  remains  a  pressure  of  2  mm.  water  at 
the  Gay-Lussac  outlet  at  ordinary  temperatures.  This  is  advisable, 
in  order  to  facilitate  the  regulation  of  the  final  damper.  The  section 
of  the  Gay-Lussac  should  be  equal  to  that  of  the  Glover  tower,  or 
a  little  less.  It  should  not  be  made  proportional  to  the  quantity  of 
gns  at  the  respective  temperatures^  on  account  of  the  coke  packing. 
Changes  of  velocity,  curves  (especially  with  a  small  radius),  and 
elbows  should  be  avoided  as  much  as  possible.  By  rounding-off 
the  edges  in  the  chamber-exits  the  loss  of  pressure  can  be  prac- 
tically avoided. 

Hasenclever  (Chem.  Ind.  1899,  p.  27)  found  in  a  special  case 
that  a  Glover  tower  with  good  draught  showed  a  pressure  of 
2  mm.  water  at  bottom  and  5  mm.  at  top;  when  the  pressure  was 
2  mm.  at  bottom  and  2*5  mm.  at  top,  the  tower  was  found  to  be 
obstructed.  But  he  justly  points  out  that  no  definite  figures  for 
the  pressure  in  the  various  parts  of  the  chamber-apparatus  can  be 
stated  as  a  general  rule,  and  that  they  must  be  fixed  by  experience 
for  every  special  case. 

In  horizontal  ducts  the  loss  of  pressure  can  be  deduced  from  the 
mere  observation  of  the  pressure-gauge,  but  we  shall  quote  a  very 
important  remark  made  to  Hasenclever  by  Dr.  Drecker,  con- 
cerning the  complication  caused  by  the  difference  of  level  through 
the  diflerence  of  barometric  pressure  at  different  heights  of  the 
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apparatus^  neglect  of  which  makes  any  observations  of  pressure 
by  a  manometer  quite  unintelligible.  Taking  the  just-quoted 
example  of  a  Glover  tower,  showing  2  mm.  water-pressure  at 
bottom  and  5  mm.  at  top,  but  possessing  a  height  of  9*5  metres 
(about  31  feet),  the  difference  of  atmospheric  pressure  between 
the  bottom  and  top  of  the  tower  at  15°  C.  and  750  mm.  mercurial 
pressure  in  the  barometer  is : — 

1-294       750      ^.     ,-. 

,i.-x  j,w^  X  9-5  =  11*0  mm.  water. 

_      lo       760 

■^273 
This  we  must  introduce  into  our  formula,  and  we  thus  obtain: 

ll-5-(5-2)=8-5  mm. 

as  the  real  difference  of  inward  pressure  in  the  tower ;  that  is  to 
say,  the  pressure  within  the  tower  is  =8'5  mm,  water  higher  at 
the  bottom  than  at  the  top,  and  this  difference  has  on  the  one  side 
to  carry  the  weight  of  the  gaseous  column,  on  the  other  side  to 
procure  the  movement  of  the  gases.  Taking  the  specific  gravity 
of  the  gases  =:1'374,  and  the  mean  temperature  within  the  tower 
(850°  at  bottom,  95°  at  top)  =222°  C,  and  the  outward  pressure 
=  750  mm.  mercury,  we  find  : 

1-874  750      ^^     ^,^ 

1  -  X  ^^' X  9-0  =  7-10  mm.  water; 

1       ^gy^      7oU  ' 

2/0 

or  a  pressure  of  7*10  kil.  per  square  metre.  The  difference 
8-5  — 7*1 0=1 -40  indicates  the  pressure,  in  terms  of  millimetres 
of  water-pressure,  which  causes  the  ascending  movement  of  the 
gases. 

If  we  call  the  difference  of  weight  between  a  gaseous  column 
and  a  column  of  air  of  equal  height  its  upward  stress  or  buoyancy, 
in  the  present  case  11 '5  — 7-10=440,  we  find  the  loss  of  pressure 
between  two  points  in  the  system  to  be  equal  to  the  observed 
manometric  difference  of  pressure  plus  the  buoyancy  ;  in  the 
present  case:  observed  manometric  difference  (—3)  +  buoyancy 
(+4-40)  =  1-40  loss  of  pressure,  in  that  special  Glover  tower,  caused 
by  frictional  resistance  between  its  bottom  and  top,  &c.  If  the 
tower  were  obstructed  by  deposits,  this  loss  of  pressure  would 
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become  greater^  aud  we  can  by  similar  calculations  establish  for 
any  given  apparatus  and  by  special  observations  the  best  condi- 
tions to  be  aimed  at,  but  we  should  commit  a  great  mistake  if  we 
attempted  to  lay  down  a  general  rule  for  all  cases  from  such  special 
observations. 

In  this  case^  as  well  as  in  well-nigh  every  other  case  in  chemical 
manufacturings  it  is  entirely  premature  to  apply  apparently  exact 
mathematical  formulae  as  a  general  guide  for  actual  practice,  as 
Sorel  has  done  by  applying  to  vitriol-chambers  Clegg's  formulse 
for  the  movement  of  gases  in  pipes.  The  extraordinary  compli- 
cation of  the  case,  caused  by  the  sudden  expansion  of  pipes  into 
the  enormously  larger  section  of  chambers,  by  the  sharp  angles 
through  which  the  gases  must  sometimes  be  conducted,  by  the 
changes  of  temperature,  and  by  the  chemical  reactions  which  cause 
alterations  in  the  volume  of  the  gases  aud  vapours,  &;c.  &c.,  make 
the  application  of  any  simple  formula  quite  illusory.  These  formulse 
may  overawe  those  who  are  ignorant  of  mathematics,  especially 
when  they  contain  the  (for  such  people)  mystic  symbols  of  higher 
mathematics,  but  I  know  absolutely  of  no  case  in  the  whole  range 
of  manufacturing  chemistry  where  the  least  practical  progress  has 
been  made  by  applying  complicated  mathematical  formulse  to 
chemical  operations.  The  time  for  this  may  come  in  the  (probably 
somewhat  distant)  future,  when  the  elements  necessary  for  such 
calculations  have  been  thoroughly  studied  and  placed  on  a  secure 
experimental  basis. 

Supply  of  Water  {Steam), 

The  regulation  of  the  steam  or  water-spray  is  one  of  the  most 
important  parts  of  chamber-management,  and  should  always  be 
taken  in  hand  by  the  responsible  foreman  or  superintendent 
himself.  One  of  the  first  conditions  for  enabling  him  to  do  so 
properly  is  that  the  tension  of  the  steam  should  be  kept  as  nearly 
equal  as  possible ;  and  it  is  hardly  necessary  to  point  out  how 
mucli  this  task  is  facilitated  by  a  registering  steam-gauge  or  by 
automatically  regulating  steam-valves  (pp.  531,  533).  The  round 
of  the  chambers  should  be  made  two  or  three  times  a  day;  at 
some  works  it  is  even  made  every  other  hour.  It  is  one  of  the 
advantages  of  the  water-spray  system  (p.  536  etseq.)  that  there  are 
hardly  any  variations  of  the  quantity  of  water  supplied,  but  other 
difficulties  may  occur  instead  (p.  538) . 
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It  mast  be  borne  in  mind  that  the  Glover  tower  supplies  the 
first  or  ''leading'^  chamber  of  a  set  with  a  good  deal  of  the  steam 
required.  Hence  steam  or  water-spray  must  be  supplied  to  this 
chamber  in  much  less  quantity  than  when  working  without  a 
Glover  tower^  and  the  position  of  the  jets  is  also  influenced  by 
this  (comp.  p.  584). 

A  rough  indication^  whether  too  little  or  too  much  steam  is 
present^  is  sometimes  sought  in  the  appearance  of  the  glass  jars 
covering  the  top  lutes  of  the  chambers  (p.  508).  If  these  show 
a  white  crystalline  covering  of  chamber-crystals,  which  are  proved 
as  such  by  turning  green  on  moistening  them,  there  is  evidently  a 
deficiency  of  steam.  If,  on  the  other  hand,  the  glass  jai*s  are 
dripping  wet,  there  is  too  much  steam  in  the  chamber.  This  is, 
of  course,  only  to  be  taken  in  conjunction  with  the  other  obser- 
vations to  be  made  by  the  attendant. 

The  proper  indicator  for  the  admission  of  steam  or  water  is  the 
strength  of  acid  made  in  the  chamber y  both  as  observed  in  the  acid- 
drips  (p.  506)  and  in  the  bottom  acid.  These  two  are  never  iden- 
tical ;  the  drip-acid  is  always  more  or  less  strong  than  the  bottom 
acid.  In  long  chambers  there  is  a  considerable  diflPerence  between 
the  front  and  the  back  part^  and  such  chambers  should  be  provided 
with  two  or  even  more  diflerent  sets  of  drips. 

Considerable  difierence  of  opinion  exists  as  to  the  strength  of 
acid  most  conducive  to  a  proper  working  of  the  vitriol-chambers — 
that  is,  to  the  best  yield,  the  greatest  production  for  a  given 
chamber-space,  and  the  smallest  consumption  of  nitre.  We  may 
say  generally  that  the  chamber-acid  is  kept  much  stronger  in  the 
majority  of  English  works  than  in  the  majority  of  Continental 
works.  Whilst  the  former  mostly  keep  the  acid  in  the  leading 
chamber  from  120°  to  130°  and  the  drips  often  5  to  10  degrees 
higher,  the  usual  practice  on  the  Continent  is  to  keep  it  at  106° 
to  110°,  or  at  most  116°  Tw.  At  the  Rhenania  works  the  acid 
runs  awav  from  106°  to  at  most  116°  Tw.  In  America  I  found 
from  112  to  116  degrees.  Only  exceptionally  liigher  strengths 
(up  to  124°  Tw.)  are  met  with  on  the  Continent  or  in  America. 

It  is  unnecessary  to  say  that  both  English  and  Continental 
manufacturers  firmly  believe  that  they  are  in  the  right,  the  former 
in  making  stronger,  the  latter  in  making  weaker  chamber-acid. 
Both  contend  that  in  their,  and  only  in  their  way  the  best  results 
are  obtained.     It  is  difficult,  if  not  impossible,  to  arrive  at  any 
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.certain  decision  on  the  question  from  a  comparison  of  the  data 
supplied  by  various  works  as  to  the  strength  of  acid,  the  yields, 
the  consumption  of  nitre,  the  chamber-spaces,  and  so  forth.  This 
di£Bculty  arises  both  from  the  complication  of  the  various  con- 
ditions, which  interact  upon  one  another,  and  from  the  very 
frequent  inaccuracy  and  incompleteness  of  the  obtainable  figures. 
It  is  therefore  with  all  reserve  that  I  proceed  to  give  my  own 
opinion  on  this  question  (which  differs  from  that  given  in  the  first 
edition  of  this  work,  vol.  i.  p.  346). 

All  theories  of  the  vitriol-chamber  process  seem  to  point  to  the 
preference  of  the  weaker  rsLtheT  than  of  the  stronger  acid.  Hurter, 
in  his  dynamical  theory  (J.  Soc.  Chem.  Ind,  1882,  p.  10)  arrives 
at  the  result  that  the  chamber-space  is  inversely  proportional  to 
the  quantity  of  nitrogen  compounds  present,  and  to  the  amount  of 
water  present  in  the  gaseous  condition  ;  in  other  words,  that, 
other  conditions  being  equal,  the  quantity  of  acid  produced  .within 
a  given  chamber-space  is  larger  when  weaker  acid  is  made  than 
when  strong  acid  is  made.  It  is  true  that  the  evidence  given  for 
this  in  the  paper  just  mentioned  from  the  actual  results  of  a  number 
of  chambers  is  very  scanty,  and  certainly  not  sufficiently  con- 
clusive in  itself  j  this  was  unavoidable,  as  only  such  works  could  be 
quoted  which  did  not  possess  Gay-Lussac  and  Glover  towers.  But, 
at  all  events,  no  contrary  assertion  can  be  based  on  that  evidence. 

The  theory  propounded  by  myself,  and  the  very  similar  one 
of  Sorel,  both  of  which  will  be  found  at  the  close  of  this  Chapter, 
also  demand  that,  other  conditions  being  equal,  the  sulphuric- 
acid  forming  reaction  is  promoted  by  a  larger  amount  of  water, 
up  to  the  limit  where  an  excess  of  water  would  produce  other,  in- 
jurious, reactions. 

Another  point  to  be  considered  is  this,  that  it  is  practically  im- 
possible to  prevent  the  loss  of  some  nitre,  dissolved  in  the  chamber- 
acid  as  nitrososulphuric  acid,  but  that  the  tendency  of  the 
chamber-acid  to  retain  nitre  in  this  form  rapidly  increases  with 
its  strength.  Theory  would  therefore  demand  keeping  the  acid 
weaker  in  order  to  lose  less  nitre.  Whether  this  is  so  or  not  iii 
practice  can  only  be  proved  by  bringing  together  a  great  many 
reliable  data,  the  difficulty  of  doing  which  has  been  pointed  out 
before.  It  is  a  fact  that  sometimes  '^  pale ''  chambers  are  the 
consequence  of  giving  too  little  steam  (that  is,  keeping  the  acid 
too  concentrated),  and  that  this  evil  can  be  remedied  by  turning 
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oa  full  steam  for  a  short  time^  when  the  chamber  will  become 
red  again. 

The  practice  of  most  Continental  factories,  including  several 
German  and  Austrian  works,  at  which  all  the  processes  are  fol- 
lowed up  in  the  laboratory  with  the  greatest  care^  and  which  are 
generally  admitted  to  work  with  the  greatest  perfection,  is  in 
accordance  with  the  just-quoted  theories,  and  comes  to  this :  that 
the  acid  in  the  leading  chamber,  that  is  at  the  same  time  that 
which  is  withdrawn  from  the  process  for  use  or  sale,  should 
not  exceed  113°,  and  is  best  kept  at  from  106°  to  110°  Twaddell. 
Thus  the  best  yield  and  the  smallest  consumption  of  nitre  are 
attained. 

The  usual  and  practically  the  only  reasonable  motive  of  English 
manufacturers  for  making  their  chamber-acid  so  much  stronger 
is,  of  course,  this,  that  they  save  the  expense  and  trouble  of  con- 
centrating the  acid  for  use  or  sale.  But  there  is  little  or  nothing 
in  this  in  the  great  majority  of  cases.  For  the  manufacture  of 
superphosphates,  which  requires  an  enormous  quantity  of  sulphuric 
acid,  and  for  which  many  acid-works  are  exclusively  employed,  the 
strength  of  110°  Tw.  is  quite  sufficient.  For  decomposing  salt 
for  sale  and  for  making  rectified  oil  of  vitriol  a  higher  strength  is 
certainly  required.  But  at  every  works  provided  with  Glover 
towers  (that  is,  at  every  properly  equipped  works  and  actually  in 
the  great  majority  of  existing  factories)  there  is  no  difficulty  what- 
ever in  bringing  all  the  acid  up  to  140°  Tw.  without  any  expense, 
even  when  starting  from  chamber-acid  at  110°  Tw.  ;  and  this  is 
done  even  without  Glover  towers  (for  further  concentration  in 
platinum  stills)  at  many  works  by  means  of  the  waste  heat  of  the 
pyrites-kilns. 

.  Some  years  ago,  P.  W.  Hofmann  (Ber.  d.  deutsch.  chem. 
Ges.  iii.  p.  5),  starting  from  the  (erroneous)  assumption  that 
sulphurous  acid  in  contact  with  nitric  acid  and  sulphuric  acid  of, 
say,  100°  Tw.,  produced  much  nitrous  oxide,  N^O,  proposed  to 
diminish  the  steam  in  the  first  chamber  (which  in  his  case  was 
only  a  "  tambour ''  of  3500  cubic  feet  capacity)  to  such  an  extent 
that  acid  of  140°  Tw.  should  be  formed;  in  this  way  the  acid 
dissolves  much  nitre,  and  is  run  into  the  following  large  chamber, 
where  it  gets  diluted  and  gives  up  the  nitre.  He  asserted  that  he 
had  thus  effected  a  saving  of  1  lb.  nitre  on  100  lbs.  of  sulphur;  but 
as  his  original  consumption  of  nitre  and  the  yield  are  not  stated, 
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and  as^  moreover^  his  chambers  had  no  6ay-Lussac  and  Glover 
towers,  that  alleged  saving  cannot  convey  any  proof  of  the  utility 
of  his  proposal^  upon  ^hich  a  vigorous  controversy  was  carried  on 
in  the  21st  volume  of  the  'Chemical  News'  (pp.  132,  164,  189, 
200,  224).  It  was  then  mostly  overlooked  that  Hof mannas  small 
''  tambour  *'  of  3500  cubic  feet  capacity  had  very  little  in  common 
with  an  ordinary  English  leading  chamber  of  more  than  ten  times 
that  capacity.  Apart  from  all  other  reasons,  the  undoubtedly 
much  greater  wear  and  tear  of  the  chamber,  when  worked  in  the 
described  way,  would  tell  much  less  with  a  small  '^  tambour '' 
than  with  a  large  chamber.  But,  for  the  reasons  above  stated, 
Hofmann's  process  seems  wrong  in  principle,  and  has  not  met 
with  any  success  whatever  on  the  Continent,  where  it  was  first 
tried. 

In  England  later  on  (since  1889),  probably  without  any 
reference  to  Hofmann's  proposal  of  1867,  several  works  in 
Lancashire  began  to  employ  much  stronger  acid  in  the  leading 
chamber,  up  to  140°  Tw.  It  is,  of  course,  out  of  the  question 
to  lose  the  nitre  dissolved  in  such  strong  acid  ;  none  of  it 
must  be  used  without  first  passing  through  the  Glover  tower, 
and  as  it  would  become  too  strong  therein,  and  would  be  in- 
completely denitrated,  a  little  water  is  run  through  the  tower  at 
the  same  time.  At  one  of  the  works  visited  by  me  it  was  stated 
that,  with  the  very  low  chamber-space  of  17  cubic  feet  per  lb.  of 
sulphur,  the  excellent  yield  of  41^  cwt.  of  96  per  cent,  salt-cake 
was  obtained  per  ton  of  pyrites,  with  the  very  small  consumption 
of  15  lbs.  nitre  per  ton  of  pyrites  (=0-67  per  cent.).  These 
good  results  were  ascribed,  firstly,  to  an  extraordinary  large  Gav- 
Lussac  space  ;  secondly,  to  the  above  procedure,  by  which  an 
unusually  large  quantity  of  nitre  was  supposed  to  be  kept  circu- 
lating in  the  vitriol-chamber.  It  was  not  denied  that  there  was 
more  wear  and  tear  of  the  chambers;  but  it  was  believed  that 
this  was  no  more  than  would  be  compensated  by  the  saving  in  the 
process. 

At  the  time  of  my  visit  to  the  above  and  a  few  other  works, 
where  the  same  method  was  followed,  the  process  had  not  been 
suflaciently  long  in  use  to  enable  a  correct  judgment  to  be  formed 
as  to  the  yield  and  the  consumption  of  nitre.  Everybody  knows 
that  it  requires  many  months  to  make  sure  of  this,  and  to  avoid 
any  accidental  gains  and  losses.     But  even  taking  it  for  granted 
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that  the  above-quoted  excellent  results  were  really  confirmed  in  the 
long  run,  I  am  very  strongly  disposed  to  place  these  results  rather 
to  the  credit  of  the  colossal  Gay-Lussac  towers,  of  a  width  of  14 
feet  and  a  height  of  60  feet,  than  to  that  of  keeping  the  chamber- 
acid  at  the  dangerous  strength  of  140°  Tw.  It  is  clear  that  the 
large  quantity  of  nitre  kept  in  solution  in  the  strong  acid  of  the 
leading  chamber  can  contribute  but  very  little  to  the  work  of 
oxidizing  sulphurous  into  sulphuric  acid ;  its  work  can  be  done 
only  whilst  running  down  the  Glover  tower.  But  then  the  same 
object  can  be  attained  quite  as  well,  while  keeping  the  chamber- 
acid  at  a  lower  strength,  by  supplying  the  Glover  tower  with 
more  nitre,  either  (once  for  all)  in  the  shape  of  nitric  acid,  or 
(continuously  afterwards)  in  that  of  nitrous  vitriol  from  the  Gay- 
Lussac  tower;  the  inert  stock  of  nitre  at  the  bottom  of  the 
leading  chamber  is  thus  very  largely  reduced,  and  the  confessedly 
much  greater  wear  and  tear  of  this  chamber  and  of  the  Glover 
tower  is  thus  avoided.  From  all  indications  it  is  also  likely  that 
less  chamber-space  will  be  required  in  this  than  in  the  former 
case. 

It  is  difficult  to  say  anything  general  as  to  the  strength  at  which 
the  drips  of  the  first  chamber  ought  to  be  kept.  At  one  works 
the  drip-acid  is  only  2  or  3  degrees,  at  others  15  degrees  or 
more  above  the  bottom-acid ;  at  others  it  is  always  weaker  than 
the  bottom- acid.  Everything  depends  on  the  position  of  the 
drips ;  but  so  much  is  certain,  that  in  the  same  plant  the  difference 
between  the  strength  of  the  drip-acid  and  that  of  the  bottom-acid 
is  nearly  constant,  and  that  the  attendant  must  manage  his 
chambers  accordingly.  On  the  average,  the  drips  where  they  are 
taken  from  the  inside,  clear  of  the  chamber-sides,  show  about 
10°  Tw.  more  than  the  bottom-acid ;  but  this  holds  good  only 
with  the  ordinary  style  of  working,  not  with  that  described  above, 
where  the  bottom-acid  is  kept  at  1 40°  Tw. ;  in  this  case  the  drips 
are  not  very  much  or  not  at  all  stronger ;  and  where  the  drips 
are  collected  at  the  chamber-sides  they  are  generally  somewhat 
weaker  than  the  bottom-acid. 

We  have  seen  above  (p.  195)  that  the  tension  of  aqueous  vapour 
varies  both  with  the  temperature  and  with  the  strength  of  the 
acid  ;  for  instance,  at  80°  (near  the  chamber-side),  acid  of 
114°  Tw.  has  exactly  the  same  vapour-tension  as,  at  95°  (only 
2^  inches  within),  acid  of  128^°  Tw.     Sorel  observed  that  the 
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acids  collected  at  various  points  of  the  same  transverse  section  of 
the  chamber  really  showed  such  differences  of  strength,  and  that, 
therefore,  it  may  be  said  that  they  are  all  at  an  equilibrium  of 
aqueous-vapour  tension.  This  shows  how  useless  it  is  to.  compare 
the  drips  of  different  sets  of  chamF)ers,  unless  they  are  fixed  in  a 
precisely  similar  position  to  one  another. 

The  strength  of  acid  in  the  intermediate  chambers,  between  the  firet 
and  the  back  chamber,  is  always  below  that  of  the  first  chamber. 
The  second  chamber,  in  a  set  of  three,  has  generally  about  10^ 
Tw.  less  than  the  first;  but  with  acid  of  140°  Tw.  in  the  first 
chamber  the  difi*erence  between  this  and  the  second  may  amount 
to  twice  as  much.  In  a  set  of  four  or  more  chambers  the 
strengths  will  naturally  diminish  more  gradually. 

The  last  or  '*  back  "  chamber  is  kept  at  very  different  strengths, 
according  to  whether  there  is  a  Gay-Lussac  tower  connected  with 
it  or  not.  In  the  latter  case  the  acid  is  never  kept  above  75°, 
and  sometimes  as  low  as  50°  Tw.,  or  even  less  than  that.  It  is, 
in  fact,  difficult  to  keep  the  strengths  higher,  as  there  is  so  little 
sulphur  dioxide  present,  and  as  there  must  not  be  a  large  quantity 
of  nitre,  in  order  to  avoid  losing  an  enormous  proportion  of  it. 
Thus  there  is  but  little  acid  made  here,  and  it  is  correspondingly 
weak.  But  such  weak  acid,  even  at  75°,  causes  the  formation  of 
much  nitric  acid,  which  must  act  on  the  chamber-lead  and  is 
otherwise  injurious.  Hence  with  the  old  style  of  working  with- 
out nitre-recovery  apparatus,  the  last  chamber  was  always  a  very 
weak  link  of  the  set. 

In  the  presence  of  a  Gay-Lussac  tower  there  is  no  reason  what- 
ever for  keeping  the  last  chamber  below  90®  Tw.,  or  even  a  few 
degrees  above  this.  There  will  be  no  formation  of  nitric  acid  to 
be  apprehended  in  this  case,  and  the  gases  will  be  better  dried  iu 
preparation  for  the  Gay-Lussac  tower.  The  practice  of  some  works 
to  go  down  as  low  as  75°  or  80°  Tw.  in  the  back  chamber  cannot 
be  at  all  recommended. 

Crowder  (J.  Soc.  Chera.  Ind.  1891,  p.  301)  prefers  placing  the 
^^  drips  ^'  in  the  connecting-pipes  between  the  chambers,  and  keeps 
them  as  nearly  as  possible  at  the  following  strengths : — drip  from 
Glover  tower  to  1st  chamber =95^  to  105° ;  from  Ist  to  2nd  cham- 
ber =130°;  from  2nd  to  3rd  chamber  =122°;  from  3rd  to  4th 
chamber  =  105° ;  from  4th  to  Gay-Lussac  =  85°  .  If  the  drip  from 
No.  1  to  No.  2  chamber  stands  lower  than  130°,  the  consumption 
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of  nitre  is  increased.  [The  drips  in  the  connectiDg-pipes  do  not 
correctly  indicate  the  work  done  in  the  chamber^  as  in  consequence 
of  the  far  greater  cooling-action  the  formation  of  acid  in  these 
places  miist  be  abnormally  large.] 

Sorel  gives  the  following  directions  for  the  strength  of  acid  to 
be  observed  in  a  set  of  three  chambers  (degrees  Baume)  : — 

Inside  drips.  Side  drips.  Acid  in  chamber 

bottom. 

{57-85°  B.  up  to  ) 
the  middle.   V51-54°  54-5-55° 
56  second  half.    J 

2nd  chamber      52-53° [  ^^^^l  f^^  ^"^^^^  }  48  -  48°-5 

3rd  chamber      52-53° 45-50° '.' 480-84°-5 

We  shall  now  describe  the  injurious  results  of  a  wrong  supply 
of  water  (as  steam  or  spray)  to  the  chambers. 

The .  first  and  most  obvious  result  of  giving  too  much  steam 
is  this^  that  the  acid  gets  too  weak.  But  this  is  a  minor  affair 
compared  with  what  immediately  follows.  If  the  lower  oxides  of 
nitrogen  meet  with  an  excess  of  oxygen  (which  is  always  present 
iu  the  chambers)  and  at  the  same  time  with  an  excess  of  watery  the 
following  reactions  take  place : — 

2N0  +  30  +  HoO = 2NO3H  ; 
N203  +  20  +  H20=2NO:,H. 

That  is  to  say,  they  are  converted  into  nitric  acid,  which,  in  the 
first  instance,  is  a  much  less  efficient  carrier  of  oxygen  than 
nitrous  acid,  and,  secondly,  is  to  a  great  extent  dissolved  in  the 
bottom-acid ;  here  it  assists  the  acid-forming  process  very  little 
and,  moreover,  acts,  upon  the  lead.  So  long  as  the  botton-acid  is 
pretty  strong  (say,  up  to  90°),  it  will  not  long  keep  the  nitric  acid, 
but  again  give  it  off  as  lower  nitrogen  oxides  by  the  action  of 
sulphur  dioxide ;  but  if  the  excessive  supply  of  steam  continues, 
it  will  soon  keep  the  nitric  acid  back;  and  as  the  process  is 
thereby  disturbed,  even  the  steam  *  which  should  have  been  used 
up  in  the  formation  of  sulphuric  acid  is  condensed  to  water,  and 
the  dilution  of  the  bottom-acid  thus  again  increased.  If  this 
state  has  once  set  in^  it   is  not  always  easily  remedied.      Cutting 

*  Whenever  here,  and  in  other  places,  we  speak  of  '^  steam ''  in  connection 
with  the  supply  of  chambers,  water  in  the  shape  of  spray  or  mist  is  also  meant ; 
it  would  be  tedious  to  mention  this  iu  every  instance. 
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off  the  steam  is  not  sufficient ;  much  more  nitre  must  be  put  in 
as  well ;  and  yet  the  bottom -acid  only  gradually  gets  up  to  its 
normal  strength.  In  the  meantime  the  yield  falls  off,  the  con- 
sumption of  nitre  increases  very  much^  and  the  action  on  the 
chamber-lead  does  permanent  damage.  Thus  it  is  apparent  that 
an  excess  of  steam  does  very  much  harm ;  and  great  care  must 
be  taken  lest  the  strength  o£  the  acid  should  go  down  below  the 
proper  amount.  The  chambers  soon  show  when  they  have  too  much 
steam  by  becoming  pale.  A  pale  chamber  often  gets  red  again 
in  an  hour  after  the  supply  of  steam  has  been  partially  cut  off. 

An  excess  of  steam  has  another  injurious  effect,  which  can 
only  be  explained  in  detail  when  treating  of  the  theory  of  the 
chamber-process,  viz.  the  formation  of  nitrous  oxide,  or  even  of 
nitrogen,  whilst  the  reduction  of  the  nitrogen-acids  ought  not  to 
go  beyond  nitric  oxide.  Neither  nitrous  oxide  nor  nitrogen  can  be 
reoxidized  to  nitrogen-acids ;  but  they  escape  with  the  other  gas, 
and  thus  cause  a  loss  of  nitre. 

We  will  now  consider  the  opposite  case,  viz,  that  the  chambers 
receive  too  little  steam.  According  to  the  theory  of  the  vitriol- 
chamber  process,  to  be  developed  later  on,  this  must  deteriorate 
the  conditions  for  the  formation  of  sulphuric  acid,  since  the  sub- 
stance formed  in  an  intermediate  state,  viz.  nitrososulphuric  acid, 
cannot  then  be  entirely  decomposed  into  sulphuric  acid  and  nitrous 
acid.  It  will  in  this  case  be  either  separated  in  the  solid  state, 
as  "chamber-crystals,"  or  else  it  will  dissolve  in  the  bottom-acid. 
In  actual  practice  it  ^rarely  happens  that  the  deficiency  of  water 
is  so  great  as  to  lead  to  the  occurrence  of  solid  chamber-crystals 
within  the  chambers ;  more  frequently  this  happens  in  the  con- 
necting-pipes. But  it  is  all  the  more  general,  nay  unavoidable, 
that  some  chamber-crystals  {commonly  called  ''nitre'*  in  this 
case)  dissolve  in  the  bottom-acid.  We  shall  see  later  on  that 
a  certain  quantity  of  "  nitre  '*  must  be  present  in  properly 
working  chambers ;  but  if  there  is  too  little  steam,  this  quantity 
will  be  largely  increased,  both  by  a  deficiency  of  water  in 
the  acid  mist  floating  about,  which  leaves  a  large  quantity  of  nitroso- 
sulphuric acid  undecom posed,  and  by  the  excessive  concentration 
of  the  bottom  acid,  which  enables  it  to  hold  more  " nitre*'  iu 
solution.  Thus  the  nitre  will  be  removed  from  its  proper  sphere 
of  action,  the  atmosphere  of  the  chamber,  and  SOg  will  escape 
oxidation.     Where  the  chamber-acid  is  directly  used,  without  first 
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passing  it  through  the  Glover  tower,  this  nitre  will  be  finally  lost. 
All  this,  of  course^  happens  less  easily  where  the  bottom-acid  is 
kept  at  a  lower  strength,  as  on  the  Continent ;  there  is  in  this  case 
more  time  for  repairing  a  temporary  deficiency  of  steam  as  indi- 
cated by  testing  the  drips  and  bottom-acids  for  strength  and  nitre. 

A  deficiency  of  steam  also  agts  in  this  way,  that  the  acid 
becoming  too  concentrated,  may  to  some  extent  act  upon  the 
lead.  So  long  as  the  strength  of  the  chamber-acid  does  not  exceed 
144*^  Tw.  (and  this  will  very  rarely  happen,  even  with  faulty  manage- 
ment), the  harm  is  not  much.  For  very  good  reasons,  the  last 
chamber,  if  a  Gay-Lussac  tower  is  present,  receives  very  little  steam, 
in  the  case  of  smaller  chambers  (tambours)  none  at  all.  But  this 
may  be  carried  too  far ;  and  then^  in  spite  of  the  dark -red  appear- 
ance of  the  chambers,  there  is  a  bad  yield  of  acid^  because  the 
water  necessary  for  its  formation  is  missing,  and  SO3  and  O  go 
away  uncombined.  This  occurs  especially  when  the  chamber 
appears  of  a  very  clear,  transparent  red^  instead  of  being  some- 
what dim  and  misty. 

On  the  whole,  it  is  evident  that  the  risks  run  by  a  deficiency  of 
steam  are  nothing  like  so  serious  as  those  arising  from  an  excess  of 
steam. 

Hurter  ('The  Manufacture  of  Sulphuric  Acid,'  Liverpool,  1882, 
p.  16)  gives  the  following  rules  for  utilizing  the  indication  of  the 
chamber-drips : — 

Ist.  If  the  strength  of  the  acid  in  the  drips  is  correct  but  defi- 
cient in  quantity,  the  chamber  is  short  of  nitre. 

2nd.  If  the  strength  is  high  and  quantity  not  far  short,  the 
chamber  is  very  rich  in  nitre ;  but  if  the  quantity  is  short,  it  has 
too  little  steam. 

3rd.  If  the  strength  is  low,  but  the  quantity  full  up,  the  chamber 
has  too  much  steam.  If,  on  the  other  hand,  the  strength  is  low 
and  the  quantity  short,  the  chamber  is  very  poor  in  nitre. 

It  is  needless  to  say  that  the  indications  afforded  by  these  rules 
would  be  sometimes  very  misleading,  the  conditions  being  too 
complicated,  if  they  were  not  supplemented  by  direct  observations 
of  the  amount  of ''  nitre,''  the  temperature,  and  the  composition  of 
the  inlet-  and  outlet-gases,  as  shown  below. 

Supply  of  Nitre, 

It  is  quite  evident  that  those  ingredients  from  which  sulphuric 
acid  is  ultimately  formed,  namely  sulphur  dioxide,  atmospheric 
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oxygen,  and  water,  must  be  supplied  to  the  chambers  in  propor- 
tions varying  within  very  narrow  limits  only,  as  any  undue  excess 
or  deficiency  of  one  of  these  will  cause  a  corresponding  waste. 
Sulphur  dioxide  being  considered  as  the  given  quantity,  the 
proportion  of  water  supplied  is  kept  so  that  a  very  nearly  con- 
stant concentration  of  the  chamber-acid  is  obtained ;  and  in  like 
manner  the  supply  of  air  is  regulated  by  the  draught  in  such 
a  way  that  a  certain  necessary  excess  of  oxygen,  but  no  more 
than  this,  is  found  in  the  exit-gas.  But  the  matter  is  different 
with  that  reagent  which  does  not  enter  into  the  composition  of 
the  ultimate  product,  and  only  serves  as  an  intermediary  agent  for 
combining  SOj,  O,  and  HjO,  without  (in  theory)  suffering  any 
real  change  or  loss  at  the  end  of  the  process.  We  now  call 
such  an  agent  a  catalyzer  (see  later  on)  :  this  is,  of  course,  the 
*'nitre,^'  by  which  expression  we  understand  all  the  compounds  of 
nitrogen  which  are  concerned  in  the  manufacture  of  sulphuric 
acid,  at  whatever  stage  of  oxidation  or  combination  they  may 
exist  at  a  certain  moment. 

It  is  almost  self-evident  that  the  acid-making  process  can  be 
made  more  or  less  rapid  by  supplying  more  or  less  nitre,  and  that 
this  finds  expression  in  the  greater  or  smaller  space  which  the 
process  requires.  In  fact  considerable  variations  may  be  made  in 
the  supply  of  nitre,  according  to  whether  the  chamber-space  is  to 
be  utilized  as  fully  as  possible  or  not,  and  up  to  a  certain  extent 
it  may  be  said  that  the  supply  of  nitre  must  change  in  an  inverse 
proportion  to  the  chamber- space  present.  But  certain  limits  do 
exist  here  as  well,  both  in  an  upper  and  in  a  lower  direction.  If 
there  is  too  small  a  supply  of  nitre,  the  reactions  become  too 
sluggish  and  very  disastrous  consequences  follow,  which  cannot 
be  avoided  by  any  amount  of  chamber-space ;  and  if  too  much 
nitre  is  supplied,  the  temperature  rises  too  much,  the  chamber- 
lead  is  acted  upon,  and  part  of  the  nitre  escapes  the  process  of 
recovery.     We  shall  refer  to  this  subject  in  detail  later  on. 

The  supply  of  nitre  must  be  regulated  on  entirely  different  prin- 
ciples, according  to  whether  there  is  an  apparatus  for  the  recovery 
of  nitre  or  not.  In  the  latter  case  care  must  be  taken  not  to  have 
too  much  nitre-gas  in  the  last  chamber ;  for  every  thing  issuing 
from  it  is  a  total  loss.  Therefore  the  last  chamber  but  one  is 
kept  strongly  yellow  or  red,  in  order  to  advance  the  acid-forming 
process,  but  the  last  chamber  only  faintly  yellow. 
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The  bottom-acid  in  the  latter,  which  is  usually  kept  at  50°  Tw., 
or  even  below^  will  partly  absorb  the  nitre-gas  as  nitric  acid^  and 
there  will  not  be  so  much  of  it  lost.  This  state  of  the  last  chamber 
is  attained  by  giving  it  much  steam ;  but  it  will  be  seen  at  once 
that  in  this  chamber  very  little  work  can  be  done  unless  a  very 
great  loss  of  nitre  is  suffered ;  for  only  if  the  latter  be  present  in 
large  quantity  will  the  oxidation  of  sulphurous  acid  go  on  all 
through  the  chamber.  Therefore  one  of  these  two  things  must 
be  done :  either  a  large  quantity  of  nitre  must  be  sacrificed  in 
order  to  utilize  the  last  chamber,  or  the  last  chamber  is  practi- 
cally used  only  for  recovering  part  of  the  nitre ;  thus  actually  a 
third  or  a  fourth  of  the  chamber-space  is  sacrificed,  and  so  much 
less  sulphur  can  be  burnt  in  that  set.  For  all  that,  the  last  chamber 
is  not  merely  a  costly  but  also  a  very  iueflScient  apparatus  for 
recovering  the  nitre ;  even  if  used  as  such,  very  little  below  10  per 
cent.,  mostly  above  10  per  cent.,  of  nitre  to  the  sulphur  must  be 
employed  in  order  to  get  a  good  yield.  With  poor,  badly  burning 
ores,  of  course,  even  more  nitre  is  consumed,  corresponding  to  the 
excess  of  air. 

These  considerations  will  make  it  evident  how  much  more  rational 
it  is  to  recover  the  nitre  by  a  proper  apparatus.  By  this  there  is  a 
saving  of  a  fourth,  up  to  a  third,  in  chamber-space,  at  least  one  of 
two-thirds  in  nitre,  and  mostly  also  better  yield,  because  up  to  the 
last  an  excess  of  nitrous  gas  is  present,  and  no  sulphurous  acid  can 
escape  oxidation  by  it.  In  this  way  any  escape  of  noxious  vapours 
is  also  much  more  completely  prevented.  The  construction  of 
the  nitre-recovery  apparatus,  and  every  thing  pertaining  thereto, 
has  been  described  in  the  6th  Chapter.  Here  we  shall  only  describe 
the  way  of  managing  the  chambers  themselves  in  this  case.  Sup- 
posing the  set  to  consist  of  three  chambers  (the  reader  will  easily 
reduce  this  to  any  other  proportion  by  analogy),  the  first  chamber 
into  which,  in  any  case,  both  the  gas  from  fresh  nitric  acid  and 
that  from  the  nitrous  vitriol  are  introduced,  whether  it  be  by  nitre- 
ovens,  or  cascades,  or  Glover  towers,  or  steam-columns,  will  always 
have  an  excess  of  nitre-gas.  In  spite  of  this  the  characteristic 
colour  of  nitrogen  peroxide  will  not  be  perceived  in  the  first 
chamber,  both  because  the  sulphur  dioxide,  likewise  present  in 
excess,  constantly  reduces  most  of  the  NOg  to  colourless  nitric 
oxide,  and  because  the  formation  of  sulphuric  acid,  principally 
going  on  in  this  chamber,  generates  in  large  quantities  the  well- 
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known  heavy  white  clouds.  The  whole  atmosphere  of  the  chamber 
is  filled  with  these^  aud^  owing  to  its  opacity^  its  colour  cannot  be 
clearly  recognized.  In  the  second  chamber  the  atmosphere  is 
already  much  clearer ;  and  as  also  there  is  very  much  less  sulphur 
dioxide  present^  a  portion  of  the  higher  nitrogen  oxides  will  be 
perceived  by  their  peculiar  colour.  There  is,  however,  still  so 
much  sulphur  dioxide  present,  that  the  mixture  of  gases  in  the 
second  chamber  will  only  show  a  more  or  less  reddish  yellow. 

In  the  tiiird  chamber,  however  (in  a  set  of  more  chambers,  in 
the  last — in  a  single  chamber,  in  its  last  portion),  the  nitre-gas 
should  largely  predominate.  There  should  be  very  little  sulphur 
dioxide  here  ;  and  before  the  gas  issues  out  of  the  chamber  into 
the  Gay-Lussac  tower  the  sulphur  dioxide  ought  to  be  entirely 
removed  from  it.  This  is  only  possible  by  a  large  excess  of 
nitrogen  acids ;  and  as,  according  to  previous  explanations,  there  is 
also  oxygen  present  (5  to  6  per  cent,  by  volume),  that  excess  will 
consist  not  only  of  colourless  nitric  oxide,  but  also  of  red  nitrogen 
peroxide.  This  is  proved  by  the  last  chamber  showing  a  dark-red 
colour,  sometimes  so  deep  as  to  be  opaque.  Even  in  the  much 
shallower  layer  of  gas  seen  in  the  '^  sight  '^  of  the  pipe  leading  to 
the  absorbing-tower,  the  red  or  orange  colour  ought  to  be  quite 
decided.  Within  the  chamber  the  red  ought  to  be  not  quite 
transparent,  but  dimmed  by  a  mist  of  water. 

The  colour  of  a  chamber  can  be  observed  by  opening  the  man- 
lids  on  the  top  or  the  clay  plugs  in  its  side,  but  in  a  much  more 
convenient  and  accurate  way  by  glass  windows  put  in  the  sides  of 
the  chamber  itself  (as  described,  p.  510).  As  soon  as  the  last 
chamber  gets  paler,  the  cause  of  this  must  be  sought  for.  It  may 
be  that  it  has  got  too  much  or  too  little  steam  or  too  little  nitre  ; 
but  it  is  always  a  sign  that  something  is  wrong ;  and  by  comparing 
the  other  symptoms,  especially  the  strength  and  the  nitrosity  of 
the  drips  and  bottom-acids,  the  special  cause  of  the  fault  must  be 
got  at.  When  the  last  chamber  becomes  quite  pale,  it  is  certain 
that  a  great  loss  is  suffered  by  sulphur  dioxide  escaping  from  it; 
and  the  latter,  on  its  way  through  the  Gay-Lussac  tower,  will 
even  denitrate  the  nitrous  vitriol  contained  therein,  and  cause  a 
loss  of  nitre  in  the  shape  of  nitric  oxide  escaping  into  the  outer 
air.  Every  thing  must  therefore  be  done  to  avert  the  above 
phenomenon. 

Apart   from  the  colour,    the   gradual  diminution  of   sulphur 
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dioxide  and  increase  of  nitrogen  acids  in  the  chamber-gas  as  it 
proceeds  on  its  way  can  be  perceived  from  other  signs,  such  as  the 
smell  and  the  chemical  analysis  of  the  gas.  The  judgment  by 
smell  is  so  much  more  uncertain  and  inexact  than  that  by  colour 
that  it  is  not  worth  while  to  enter  upon  it  in  detail.  A  chemical 
analysis  of  the  gas  would  certainly  permit  the  reaction  in  the 
individual  chambers  to  be  traced  with  ease  and  safety  ;  but  this 
plan  is  not  usual^  and  even  the  best  Continental  works  only  make 
two  gas-analyses — that  of  the  burner- gas  before  entering  the 
chambers^  and  that  of  the  gas  finally  leaving  the  apparatus  as  it 
issues  from  the  Gay-Lussac  tower.  It  would  give  some  little 
trouble  to  analyze  the  chamber-gas  between  as  well ;  nor  is  this 
necessary,  since  its  colour  gives  a  sufficient  indication  for  the 
purpose  in  question. 

Along  with  testing  the  chamber-acid  for  its  strength,  it  is  of 
great  importance  to  test  it  also  for  its  nitrosity  (percentage  of 
nitrogen  acids) ;  and  this  forms  a  necessary  complement  to  the 
observation  of  the  colour  of  the  chambers.  Under  normal  cir- 
cumstances the  percentages  of  nitrous  acid  (or  rather  of  nitroso- 
sulphuric  acid)  and  of  nitric  acid  in  the  chamber-acid  are  so  small 
that  its  quantitative  estimation  by  the  usual  method  is  very 
inaccurate,  especially  because  a  number  of  impurities  interfere  with 
the  accuracy  of  the  process.  In  practice,  however,  a  simple  and 
momentarily  made  colorimetrical  test  with  ferrous  sulphate  is 
sufficient  for  the  object  in  question. 

When  a  solution  of  ferrous  sulphate  is  poured  upon  the  drip- 
or  chamber-acid  contained  in  a  test-tube  so  that  the  liquids  are 
not  mixed,  a  yellow  ring  is  formed  at  the  point  of  contact,  if 
traces  of  the  higher  nitrogen  oxides  are  present.  With  more 
nitrogen  oxides  the  ring  becomes  darker;  with  still  more  the 
whole  ferrous  sulphate  solution  assumes  a  deep  brown  or  black 
colour.  In  this  case  effervescence  readily  sets  in,  the  liquid 
getting  hot,  and  the  dissolved  nitric  oxide,  with  the  black  colour, 
being  driven  off  by  the  heat.  With  some  practice,  and  always 
working  exactly  in  the  same  way,  it  is  quite  possible  to  get  a  good 
idea  of  the  percentage  of  nitre  in  the  chamber-acid  by  its  appear- 
ance under  the  above  conditions.  The  testing  for  a  set  of  four 
chambers  can  be  carried  out  in  this  way : — A  stand  containing 
eight  ordinary  test-tubes  of  5  inches  height  is  once  or,  preferably, 
twice  a  day  taken   to   the  chambers,  and  the  tubes  filled  up  to 
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about  4  inches  with  samples  of  the  drip-  and  bottom-acids  of  each 
chamber ;  at  the  same  time  the  strength  of  each  sample  is  taken 
by  the  hydrometer^  and  written  on  the  stand  at  the  bottom  of 
each  tube.  The  acid-samples  are  then  tested^  at  any  convenient 
place^  by  carefully  pouring  on  to  each  about  halE  an  inch  of  a 
concentrated  solution  of  ferrous  sulphate,  which  need  not  neces- 
sarily be  free  from  ferric  sulphate.  By  looking  at  the  colours 
produced  thereby,  in  their  succession  from  chamber  to  chamber^ 
by  comparing  the  drips  and  bottom-acids,  looking  at  the  strengths 
marked  below,  and  taking  into  account  the  colour  of  the  chamber- 
gas  observed  through  the  windows,  a  tolerably  good  idea  of  the 
process  going  on  in  the  chambers  is  obtained.  This  certainly 
should  be  completed  by  an  estimation  of  the  sulphur  dioxide 
in  the  burner-gas  and  of  oxygen  in  the  escape-gas,  and  also 
by  testing  the  nitrous  vitriol  &c.,  as  we  shall  see  in  the  next 
Chapter. 

Kolb  (Bull.  Soc.  Mulh.  1872,  p.  309)  gives  a  few  analyses  of 
chamber-acids  confirming  what  has  just  been  said.  They  refer  to 
an  old-fashioned  set  without  Glover-tower  and  with  nitric-acid 
cascades. 


a. 
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a,  acid  from  the  first  or  denitrating  tambour,  where  the  sulphur 
dioxide  of  the  burner-gas  meets  the  acid  of  the  last  chamber  and 
the  Gay-Ijussac  tower  ;  b,  the  same  when  the  chambers  were  short 
of  nitre ;  c,  acid  from  the  tambour  where  the  fresh  nitric  acid 
ran  over  the  "  cascade ''  (excess  of  nitre)  ;  d,  the  same,  short  of 
nitre ;  e,  acid  of  the  '^  large  chamber ; ''  /,  acid  of  the  last  cham- 
ber, normal  process ;  g,  the  same,  large  excess  of  nitric  acid — 
liquid  green  and  nitrous ;  A,  the  same,  normal  process. 

The  following  rules  may  be  laid  down  for  the  reactions  which 
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the  varioas  samples  of  acid  from  the  chambers  and  drips  ought  to 

show.     Generally  speakings  all  drips  ought  to  show  more  nitre 

than  the  corresponding  chamber-acids.     The  former  represent  the 

process  going  on  in  the  atmosphere  of  the  chamber^  whilst  the 

latter  should  act  upon  the  nitre  by  their  greater  dilution^  and 

actually  do  so.     The  bottom-acid  of  the  first  or  leading  chamber 

ought  not  to  show  any  nitre  whatever;  if  it  does  so^  it  is  a  strong 

indication  that  the  supply  may  be  shortened.     (It  must  be  borne  in 

mind  that  a  slight  quantity  of  nitre^  which  can  be  discovered  by  finer 

tests,  is  nearly  always  present  even  in  the  first- chamber  acid^  but  the 

above-described  rough  test  ought  to  show  none  at  all  or  very  little.) 

Sut  first  it  must  be  ascertained  if^  on  the  other  hand,  the  drip  of 

this  chamber  does  not  show  any  nitre  ;  for  in  this  case  it  is  proved 

that  there  is  too  little  steam  in  the  chamber,  and  that  consequently 

the  nitrous  acid  has  been  absorbed  by  the  chamber-acid.     Mostly 

this  will  be  confirmed  by  both  drip-  and  bottom-acid  being  too 

strong;  and  then  more  steam  must  be  given.      If,  however,  both 

samples  from  the  first  chamber  show  nitre,  some  of  the  latter  must 

be  cut  off,  unless  the  supply  has  just  been  increased  because 

the  last  chambers  did  not  show  enough  ;  in  this  case  the  supply 

of  nitre  cannot  be  cut  down  till  the  last  chambers  have  quite 

recovered. 

Sometimes  the  first  chamber-acid  smells,  on  the  contrary,  of 
sulphur  dioxide  ;  if  this  is  the  case  to  any  appreciable  extent, 
nitre  is  wanting. 

The  middle  chambers  ought  to  show  already  a  faint  reaction  of 
nitre  in  the  bottom-acid  and  a  stronger  one  in  the  drips ;  the  last^ 
in  any  case,  a  moderately  strong  reaction  in  the  bottom-acid  and  a 
v^ery  strong  one  in  the  drips.  In  this  case  also  a  deviation  from 
the  rule  may  proceed  from  various  causes.  For  instance,  the  last 
chamber  may  be  pale,  and  yet  its  bottom-acid  may  give  a  strong 
nitre-reaction.  This  may  happen  both  if  there  is  too  much  and  if 
there  is  too  little  steam  in  this  chamber  :  if  the  bottom-acid  is  too 
strong  owing  to  the  want  of  steam,  it  will  dissolve  too  much  nitre ; 
if,  however,  there  is  too  much  steam  present,  that  phenomenon 
will  take  place  which,  in  chambers  working  without  an  absorbing- 
tower,  is  purposely  caused :  nitric  acid  will  be  formed  and  will 
dissolve  in  the  bottom-acid.  Both  faults  are  easily  avoided  if  the 
last  chamber  is  not  kept  weaker  than  90°  nor  stronger  than  110° 
Tw.;  but  sometimes  insufficient  draught  may  cause  these  faults  as 
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well.  If^  on  the  contrary,  the  last  chamber  still  appears  red,  and 
even  the  drips  still  show  nitre,  but  the  bottom-acid  none^  this 
is  an  indication  which  must  be  instantly  met  by  increasing  the 
supply  of  nitre ;  otherwise  the  chamber  itself  will  soon  become 
pale.  If  both  indications  coincide,  a  pale  chamber  and  a  ceasing 
or  weakening  of  the  nitre  in  the  drip^  this  might  still  be  due  to 
an  excess  of  steam ;  but  rarely  will  it  be  so,  as  anyhow  that 
chamber  does  not  get  much  steam.  Three  other  explanations  offer 
themselves — too  little  draught,  too  much  draught,  or  too  little 
nitre.  Whether  the  draught  is  insufficient  is  most  easily  tested 
by  estimating  the  oxygen  in  the  escape-gas  ;  whether  it  is  too 
large,  by  estimating  the  sulphur  dioxide  in  the  burner-gas  ;  but 
in  the  case  of  very  leaky  chambers,  which  properly  ought  to  have 
been  stopped  already,  air  enters  directly  into  them,  as  is  proved 
by  the  oxygen  coming  out  too  high  in  the  escape-gas.  Where 
no  gas-analyses  are  made,  the  formerly  mentioned  external  indi- 
cations for  judging  of  the  draught  are  taken  into  account ;  but 
these  are  far  more  deceptive  than  gas-analyses.  When  the 
draught  is  not  large  enough,  the  nitric  oxide  does  not  meet 
enough  oxygen  to  be  oxidized ;  it  is  colourless,  and,  owing  to  its 
insolubility  in  strong  vitriol,  is  altogether  lost.  This  will  be  re- 
cognized by  the  appearance  of  red  vapours  on  the  gas  issuing  out 
of  the  chimney,  where  the  nitric  oxide  is  oxidized  by  the  atmo- 
spheric oxygen,  whilst  the  chambers  themselves,  where  oxygen  is 
missing,  become  pale.  When  there  is  too  much  air  present,  the 
nitrogen  acids  are  carried  away  mechanically,  and  the  chambers 
equally  lose  ther  colour ;  at  the  same  time  sulphur  dioxide  goes 
away,  as  it  has  not  time  to  be  oxidized. 

Insufficient  formation  of  sulphuric  acid  in  the  chambers,  from 
other  causes,  such  as  want  of  nitre  or  entering  of  air  through 
chinks  in  the  chambers  and  mechanical  carrying-away  of  gas,  will 
frequently  react  upon  the  burners,  since  by  the  insufficient  cou- 
densation  of  gas  the  draught  from  the  burners  towards  the  cham- 
bers is  diminished.  Then  all  the  appearances  will  take  place  which 
are  caused  by  very  bad  draught  in  the  burners,  especially  incom- 
plete burning  and  formation  of  scars,  which,  again,  weakens  the 
draught.  In  this  case  as  much  nitre  as  possible  must  be  given,  in 
order  to  force  a  better  formation  of  sulphuric  acid ;  and,  if  neces- 
sary, even  the  burner-charges  must  be  diminished. 

But  if  the  last  chamber  becomes  pale,  the  draught  being  in 
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order,  and  if  its  acid  shows  little  nitre,  it  is  due  to  want  of  the 
latter,  and  more  of  it  must  be  introduced  till  the  normal  state  has 
been  restored.  This  will  be  confirmed  by  testing  the  nitrous  vitriol, 
which  will  no  doubt  show  a  diminution  of  its  uitre.  Undoubtedlv 
several  circumstances  often  act  at  the  same  time,  and  make  the 
process  a  complicated  one.  If,  for  instance,  there  is  too  little 
draughty  so  that,  instead  of  N2O3,  only  NO  or  even  SOj  get  into 
the  absorbing-tower,  not  only  will  the  draught  have  to  be  increased, 
but  more  nitre  will  have  to  be  given  as  well,  in  order  to  make  up 
for  the  loss.  Just  in  the  same  way,  when  the  nitre-gas  has  been 
mechanically  carried  away  by  an  excess  of  draught  (in  which  case, 
owing  to  its  dilution,  the  Gay-Lussac  tower  cannot  entirely  re- 
tain it),  not  only  will  the  draught  have  to  be  moderated,  but  more 
nitre  will  have  to  be  introduced  till  every  thing  is  in  order  again. 
An  excess  of  nitre  is  detected  by  the  colour  of  the  chambers 
being  too  dark,  by  the  strong  nitrosity  of  the  acids,  and  by  the 
fact  of  the  Gay-Lussac  acid  showing  the  presence  of  nitric  acid, 
consequent  upon  an  excess  of  N2O4  in  the  last  chamber. 

We  thus  see  that,  in  nearly  every  case,  when  any  thing  goes 
wrong  in  the  acid-chambers,  an  increased  supply  of  nitre  is  at  least 
temporarily  necessary  in  order  to  restore  the  equilibrium,  although 
the  other  two  regulators,  steam  and  draught,  must  always  be  taken 
into  account  at  the  same  time;  it  is  therefore  very  important  that 
the  possibility  be  aflbrded  of  temporarily  introducing  much  more 
uitre  into  the  chambers  than  is  necessary  in  ordinary  work  ;  and 
every  factory  ought  to  possess  facilities  for  it.  If  this  should 
not  be  the  case  to  a  sufficient  extent,  and  if  without  danger  to  the 
chambers  it  is  not  possible  to  introduce  as  much  nitre  as  the  case 
calls  for,  then  nothing  remains  but  to  diminish  the  burning  of 
brimstone  or  pyrites  for  a  time,  and  to  allow  the  chambei's  to 
recover  their  normal  state  by  easing  them  in  this  way. 

A  proposal  made  by  the  Manufacture  de  Javel  (E.  P.  1752,  of  1882) 
seems  to  be  worthy  of  more  notice  than  it  has  received.  The  nitre 
is  not  to  be  introduced  into  the  leading  chamber  only,  where 
the  temperature  may  thereby  become  excessively  high,  but  to  a 
small  extent  also  into  the  following  chambers,  whose  temperature 
is  sometimes  too  low.  Even  the  acid  for  feeding  the  Gay-Lussac 
tower  is  to  contain  a  little  nitre,  in  which  case  no  SO2  can  escape 
through  the  tower. 
A  similar  proposal  is  that  of  the  United  States  Chemical  Company, 
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Camden,  N.Y.  (Am.  P.  325,262,  of  1885),  to  inject  nitrous  vapours 
into  the  last  chamber  eventually,  after  having  first  injected  steam, 
in  order  to  counteract  any  too  strong  reduction  of  the  nitrogen- 
oxides. 

Starting  from  a  contrary  view,  Benker  (E.  P.  1168,  1895; 
comp.  Kienlen,  Monit.  scient.  1895,  p.  321)  injects  SO^  (in  the 
shape  of  gases  from  the  front  of  the  first  chamber)  into  the  last 
chamber,  in  order  to  remedy  the  drawback,  occurring  in  the 
"  forced  work  '^  (supra,  pp.  468,  561,  624),  that  vapours  of  N2O4 
are  formed  which,  as  he  believes,  are  not  sufficiently  absorbed  in 
the  Gay-Lussac  tower.  These  are  to  be  reduced  to  N2OS  by  SOj. 
This  is  evidently  the  same  principle  as  that  involved  in  Benker 
and  Lasne's  former  process  (p.  626) ;  the  only  difference  is  that 
they  injected  the  SO2  immediately  in  front  of  the  Gay-Lussac 
tower,  and  that  Benker  now  sends  it  into  the  last  chamber.  In 
regular  work  this  process  might  act  injuriously ;  but  in  cases  where 
there  is  an  excess  of  N2O4  it  may  do  good.  According  to  a 
communication  from  the  inventor  (1902),  this  process  is  not 
applicable  where  there  is  a  great  distance  between  the  first  and 
the  last  chamber,  in  which  case  the  SO^,  contained  in  the  gases 
aspirated  from  the  first  chamber  by  means  of  the  injector,  is 
changed  into  H2SO4  in  the  connecting-tube. 

At  some  of  the  best-conducted  works  it  is  not  thought  sufficient 
to  judge  of  the  supply  of  nitre  by  the  colour  of  the  chambers,  the 
testing  of  the  drips,  and  so  forth,  but  a  system  is  introduced  of 
constantly  checking  the  amount  of  nitrous  vitriol  supplied  to  the 
Glover  towers,  its  strength,  and  the  amount  of  fresh  nitre  or  nitric 
acid  introduced  in  comparison  with  the  amount  of  sulphur  burnt, 
in  order  to  keep  the  quantity  of  nitre  present  in  the  chambers  at 
as  constant  a  figure  as  possible.  As  an  example  of  the  way  iu 
which  this  account  can  be  kept,  I  give  the  following  figures, 
taken  from  an  actual  day^s  work  in  a  well-conducted  Continental 
factory  : — 

Set  No.  I.  Set  No.  1 1. 

Pyrites  charged,  kil 10812  10000 

Containing  sulphur,  less  quantity  left  in 

cinders    4993  4735 

Nitrous  vitriol  used,  kil.  10138  10268 

Average  strength,  expressed  in  nitric  acid 

86°  B 4-86  4  37 
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Set  No.  r.  Set  No.  II. 

Equivalent  to  acid  of  36°  B.,  kil 493  449 

Fresh  nitric  acid  supplied^  kil 200  1 86 

Total  as  nitric  acid  36°  B.,  kil 693  635 

Equivalent  to  96%  nitrate  of  soda,  kil.  . . .  520  476 
96%  nitrate  introduced  for  each  100  parts 

of  sulphur  burnt    10"4  10*1 

This  quantity,  about  10  parts  of  96%  nitrate  to  100  of  sulphur, 
may  be  considered  a  minimum,  and  only  admissible  where  the 
chamber-space  is  very  ample — say,  about  24  cub.  ft.  per  lb.  of 
sulphur.  With  less  chamber-space,  much  more  nitre,  equivalent 
to  15  or  even  20  parts  of  96%  nitrate  of  soda  to  100  sulphur 
burnt  per  diem,  is  put  through  the  system.  For  the  high-pressure 
style  in  Prance  up  to  25  parts  of  nitre  is  nsed;  but  this  involves  a 
correspondingly  large  nitre-recovery  apparatus,  without  which  the 
waste  of  nitre  would  be  very  serious. 

Pemberton  (J.  Soc.  Chem.  Ind.  1883,  p.  414)  quotes  a  total 
supply  of  15'6  parts  of  nitre  passing  through  the  chambers  for 
every  100  parts  of  sulphur  burnt  in  the  shape  of  brimstone,  with 
19*2  cubic  feet  per  lb.  of  sulphur.  In  this  case  a  Gay-Lussac 
tower  was  used;  whilst  in  three  other  cases,  where  there  was  no 
Gay-Lussac,  from  8  to  10  parts  of  nitre  was  consumed,  but  with 
26*8  to  35*7  cubic  feet  of  chamber-space.  As  he  gives  no  details 
as  to  yields,  his  figures  possess  very  little  value. 

Benker  (commun.  1902)  employs  as  a  rule  13  parts  total  NaNOg 
to  100  sulphur  burnt  in  24  hours.  With  very  well-constructed 
chambers  (comp.  his  views,  p.  459)  this  quantity  may  be  lowered 
to  9  or  10  parts,  but  with  wider  chambers  it  must  be  raised  to 
18  parts  NaNOg.  This  allows  with  *Miigh-pre8siire  work^'  to 
make  8  or  9  kil.  acid  of  116°  Tw.  per  cub.  metre  of  chamber-space 
(say,  0*3  to  0*37  lb.  H2SO4  per  cub.  foot).  When  starting  a  new 
set  of  chambers,  the  first  care  is  to  see  that  the  above  quantity  of 
nitre  is  provided.     (Comp.  also  the  statements  of  Davis,  p.  469.) 

Irregular  Working.     Loss  of  Nitre. 

Having  so  far  stated  the  conditions  of  the  normal  vitriol-chamber 
process,  we  must  also  consider  how  the  process  may  become 
anomalous,  that  isfauliy,  which  must,  in  every  case,  lead  to  losses, 
both  of  nitre  and  of  sulphur  compounds. 

VOL.  I.  2  z 


706  THE  CHAMBEK-FROCESS. 

Sometimes  '^  free  "  nitrogen  peroxide^  appeal's  in  the  last  chamber 
(never  before).  It  has  been  proved  by  Lunge  and  Naef  (Chem. 
Ind.  1884,  p.  8)  that  this  happens  when  the  supply  of  nitre  is 
abnormally  strong,  irrespective  of  a  larger  or  smaller  excess  of 
oxygen,  of  which  there  is  always  far  more  than  enough  present. 
In  this  case  the  formation  of  sulphuric  acid  is  finished  before  the 
proper  time ;  there  is  next  to  no  SO2  in  the  last  chamber,  and  the 
nitrous  anhydride,  which  cannot  be  again  taken  upby  the  chamber- 
gases,  is  altogether  dissociated  into  NO  and  NO2,  the  former 
being  equally  oxidized  to  NO2.  The  latter  where  it  touches  the 
chamber-acid  dissolves  in  it  and  forms  both  nitrous  vitriol  and 
nitric  acid.  Most  of  the  NOj,  however,  passes  into  the  Gay- 
Lussac  tower ;  and  as  the  size  of  this  apparatus  is  only  calculated 
to  meet  normal  requirements,  it  cannot  retain  all  the  nitrous 
vapours,  but  emits  a  good  deal  of  it  into  the  air  in  the  shape  of 
ruddy  vapours,  thus  causing  a  corresponding  loss  of  nitre. 

Far  more  serious  are  the  consequences  of  a  l^ck  of  nitre  (com p. 
pp.  701  et  seq.)>  In  this  case  the  formation  of  sulphuric  acid  is 
too  slow,  and  there  is  too  much  SO2  in  the  back  part  of  the 
chambers,  thus  causing  a  denitration  of  SO5NH  in  the  wrong 
place.  Very  much  NO  is  formed,  the  chambers  turn  pale  yellow, 
or,  in  extreme  cases,  grey,  and  the  temperature  is  either  too  high 
or  too  low  for  proper  working.  Owing  to  the  relative  excess  of 
water  the  formation  of  the  intermediate  compound  SO5NH  is 
gi'catly  impaired ;  and  the  NO  now  forms  with  oxygen  and  water 
nitric  acid,  which  sinks  down  to  the  bottom  and  dissolves  un- 
changed in  the  chamber-acid,  and  is  thus  withdrawn  from  the 
chamber-process.  Such  acid  will  not  "  show  nitre ''  in  the  sense 
used  by  practical  men — that  is,  it  will  not  give  out  orange  vapours 
on  addition  of  water,  because  it  contains  little  SO5NH,  but  for 
all  that  it  may  contain  so  much  nitric  acid  that  the  chamber-lead 
is  seriously  attacked.  The  nitric  oxide,  on  passing  into  the  Oay- 
Lussac  tower,  is  not  absorbed  at  all  by  the  sulphuric  acid,  the 
excess  of  inert  nitrogen  preventing  its  action  with  SOj  and  O,  and 
at  the  top  both  NO  and  SO2  escape,  thus  causing  a  double  loss. 
A  third  source  of  loss  is  the  formation  of  nitrous  oxide,  NjO,  for 
which  the  conditions  now  exist  to  a  much  greater  extent  than 
normally  (see  below).  All  this  leads  to  a  bad  yield  of  sulphuric 
acid  from  the  first  and  to  a  great  loss  of  nitre,  and  as  this  instantly 

*  Comp.  p.  763  as  to  the  meaning  of  the  term  ^'  free  "  nitrogen  peroxide. 
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reacts  upon  the  chamber-process,  the  floating  quantity  of  oxygen- 
carriers  being  diminished  at  a  progressive  rate,  it  is  no  matter  of 
surprise  that  things  get  from  bad  to  worse.  Every  practical  man 
knows^  and  Eschellmann  has  proved  it  in  detail  (J.  Soc  Chem. 
Ind.  1884,  p.  136)^  that  when  there  has  been  lack  of  nitre  from 
any  cause  whatever  it  is  necessary  to  introduce  several  times  the 
amount  originally  wanting  or  "  saved/^  in  order  to  remedy  the 
"  disease '^  of  the  chambers^  as  some  people  call  it. 

Another  way  in  which  nitre  may  be  lost  is  by  the  formation  of 
nitrous  oxide,  N^O.  We  have  seen  in  Chapt.  III.  (p.  218)  that 
this  may  happen  if  NO  (or  N2O8)  meets  an  excess  of  SO2  in  the 
presence  of  water  or  of  very  dilute  sulphuric  acid.  The  reduction 
may  then  take  place  according  to  the  equation — 

SO,  +  2N0  +  H2O  =  H2SO4  +  N2O. 

It  is  not  impossible  that,  under  specially  unfavourable  circum- 
stances^ the  reduction  may  even  proceed  as  far  as  the  formation 
of  elementary  nitrogen  or  of  ammonia,  but  this  evidently  happens 
only  quite  exceptionally  and  to  an  altogether  insignificant  extent ; 
whilst  most  chemists  assume  the  formation  of  N2O  to  occur  to  a 
small  extent,  even  in  normally  working-chambers^  at  the  places 
where  locally  water  and  sulphur  dioxide  are  in  excess.  Actual 
proof  of  this,  by  showing  the  presence  of  N2O  in  chamber-gases, 
has  never  been  given ;  in  fact,  the  analytical  methods  so  far  at 
our  command  would  hardly  permit  this. 

It  is  notorious  that  in  no  case  whatever  is  the  recovery  of  the 
nitrogen  oxides,  active  in  the  manufacture  of  sulphuric  acid, 
complete.  Even  with  the  best  nitre-recovery  and  denitrating 
apparatus,  and  under  the  best  possible  management,  the  loss  is 
never  below  2  parts  of  NaNOs  to  100  of  sulphur  burnt,  and  it  is 
nearly  always  higher  than  that,  3  parts  of  NaNOx  probably  in- 
dicating the  ordinary  present  average.  The  sources  of  this  loss  of 
nitre  are  various,  and  may  be  distinguished  as  mechanical  and 
chemical  losses.  Mechanical  losses  are  those  caused  by  incom- 
plete absorption  of  N2O8  or  N2O4  in  the  Gay-Lus«ac  tower,  by  the 
nitrous  acid  contained  in  small  quantities  in  nearly  every  descrip- 
tion of  sulphuric  acid  withdrawn  from  the  process  for  sale  or  use, 
and  by  any  accidental  leakages  from  working-doors,  chambers,  &c. 
Chemical  losses  are  those  caused  by  the  reduction  of  the  nitrogen 
oxides  below  the  point  where  they  can  be  re-oxidized  or  absorbed 

2z2 
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in  the  Gay-Lussac  tower.  Generally  this  chemical  loss  is  ascribed 
to  a  reduction  to  the  state  of  nitrous  oxide^  or  even  elementary 
nitrogen,  or  (by  Kaschig)  to  that  of  ammonia;  but  the  latter, 
according  to  Kaschig's  own  statement^  is  found  only  in  quite  ex- 
ceptional circumstances  and  need  not  be  taken  into  account  for 
ordinary  purposes.  That  a  reduction  to  N2O  does  take  place 
under  certain  conditions  (excess  of  SO^  and  undue  local  exceas 
of  water)  has  been  proved  by  R.  Weber  and  by  myself  (p.  218) ; 
and  it  is  likely  that  to  a  certain  extent  such  conditions  do  obtain 
in  every  vitriol-chamber,  but  less  than  anywhere  else  just  in  the 
Glover  tower,  where  such  loss  was  at  one  time  believed  to  take 
place  (p.  639).  It  is,  however,  entirely  uncertain  what  proportion 
the  mechanical  and  chemical  losses  bear  to  each  other.  The 
most  extraordinary  discrepancies  exist  in  this  respect.  Some 
chemists  assert  that  the  mechanical  loss,  more  especially  that 
caused  by  incomplete  action  of  the  Gay-Lussac  tower,  is  by  far 
the  most  potent  source  of  loss  of  nitre  (Lunge  and  Naef,  Chem. 
Ind.  1884,  p.  11 ;  Benker;  Sorel,  Zeitschr.  f.  angew.  Chem.  1889, 
p.  279;  comp.  p.  629);  others  are  of  the  contrary  opinion.  It 
seems  useless  to  go  into  the  detail  of  this  controversy  here,  as  no 
conclusive  proof  has  been  given  either  way,  and  we  will  only  quote 
some  of  the  other  papers  bearing  on  this  question :  Hurter,  Davis, 
Jackson,  Mactear,  Cox,  and  Lunge,  in  vol.  xxxix.  of  the  '  Chemical 
News'  (pp.  170,  193,  205,  215,  227,  232,  237,  249);  Eschellraann 
(J.  Soc.  Chem.  Ind.  1884-,  p.  134) ;  Hamburger  (ibid.  1889,  p.  167). 
It  is  a  fact  that,  by  enlarging  the  Gay-Lussac  towers  beyond 
the  size  formerly  used,  the  loss  of  nitre  can  be  greatly  reduced, 
and  mention  of  this  has  been  made  before  (p.  580).  But  it  would 
seem  as  if  the  practical  limit  in  that  respect  had  been  already 
reached  when  the  Gay-Lussac  towers,  with  ordinary  coke- packing, 
have  a  capacity  of  2,  or  at  most  of  3,  per  cent,  of  the  chamber- 
space.  Any  further  addition  of  absorbing-power  causes  but  an 
insignificant  diminution  of  the  loss  of  nitre.  The  cause  of  this  is 
no  doubt  that  pointed  out  by  Bailey  (J.  Soc.  Chem.  Ind.  1887, 
p.  92),  that  the  coefficient  of  solubility  of  N^Og  in  sulphuric  acid  is 
immensely  reduced  by  its  enormous  dilution  in  the  exit-gases  with 
oxygen  and  nitrogen,  and  that  therefore  a  complete  absorption  of 
NaOgis  an  impossibility;  Sorel  (in  the  place  quoted  above)  proves 
a  similar  reasoning  by  observation  and  calculation,  showing  that, 
in  a  special  instance,  the  exit-gases  were  bound  to  carry  away 
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nitrous  acid  equivalent  to  3*09  per  cent,  of  NaNOj  to  100  of  sul- 
phur— that  is,  more  than  the  best  working  factories  consume 
altogether,  and  my  observations  have  accumulated  convincing 
nuiterial  for  such  conclusions  (p.  227  et  seq.) .  It  is  true  that 
direct  analyses  of  the  exit-gases  in  many  instances  fail  to  account 
for  more  than  a  portion  (say  a  third  or  even  a  quarter)  of  the 
nitre  lost ;  but  it  cannot  be  denied  that  this  may  simply  be  an 
unavoidable  fault  of  the  analytical  methods  used,  as  it  is  extremely 
difficult,  or  rather  impossible,  to  retain  in  absorption-tubes  all  the 
NjOa  or  N2O4  diluted  with  ten  thousand  times  its  volume  or  more 
of  other  gases.  Any  reasoning  based  on  the  analysis  of  exit-gases 
is  therefore  extremely  unsafe,  if  it  intends  to  prove  that  the  loss 
from  that  source  is  too  small  to  dispense  with  the  necessity  of 
assuming  a  considerable  chemical  loss. 

It  is  even  more  difficult  to  estimate  NO  in  excess  over  the  pro- 
portion NO  +  NO2  when  mixed  with  a  very  large  excess  of  other 
gases,  and  hence  the  above-mentioned  conclusions  are  all  the  more 
uncertain.     The  loss  of  NO  may  be  reckoned  partly  among  the 
mechanical  and  partly  among  the  chemical  losses.     The  former  is 
the  case  when  any  NO  which  has  come  from  the  chambers  them- 
selves has  only  mechanically  escaped  oxidation   into  NOg   and 
consequent  absorption  in  the  Oay-Lussac  tower ;  but  it  must  be 
reckoned  as  chemical  loss  if  the  NO  has  been  formed  within  the 
Gay-Lussac  tower  itself  by  some  reducing  action  on  nitrous  vitriol. 
We  have  seen  that  such  an  action  may  take  place  by  an  accidental 
excess  of  SO2   (p.  628)  ;    but  this  happens  only  exceptionally, 
although  it  is  possible  that  the  SO2,  always  present  in  exit-gases  even 
with  the  very  best  work,  in  spite  of  its  very  slight  quantity  exerts  a 
certain  reducing-action  in  the  Gay-Lussac  tower.     Hjelt  (Dingl. 
Joum.  ccxxvi.  p.  174;  comp.  also  our  1st  edition,  p.  570)  ascribed 
a  certain  loss  of  nitre  to  the  oxidation  of  arsenious  to  arsenic  acid 
in  the   Gay-Lussac  tower,  amounting  to  0*12  nitre  per  100  of 
HsS04  made,  and  Davis  (Chem.  News,  xxxvii,  p.  155)  went  even 
much  further  in  that  respect ;  but  the  latter  did  not  uphold  his 
views  later  on,  and  even  Hjelt's  observation  seems  to  have  been 
quite  exceptional,  to  judge  from  observations  communicated  to 
me  in  a  letter  from   Dr.  Th.   Ernst,   of    Lehrte.      Evidently 
arsenious  acid  can   play  but   a  very  small  part  indeed  in  that 
matter. 

A  more  important  part  in  the  loss  of  nitre  is  borne  by  the 
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coke-packing  of  the  Gay-Lussac  towers.  I  had  long  ago  (comp. 
p.  231)  proved  that  the  coke  reduces  any  nitric  acid  getting  into 
the  Gay-Lussac  acid  in  the  shape  of  N204^  so  that  the  nitrous 
vitriol  issuing  at  the  bottom  contains  only  N2O8.  I  have  shown 
(in  the  same  place)  that  nitrososulphuric  acid  itself  is  reduced  by 
coke,  NO  escaping.  This  action  is  greatly  increased  by  a  higher 
temperature,  and  this  may  be  one  of  the  reasons  why  it  is  expedient 
to  cool  both  the  gases  and  the  absorbing-acid  as  much  as  possible  ; 
it  also  seems  to  favour  the  use  of  Gay-Lussac  towers  containing  a 
non-reducing  packing  (p.  586). 

Temperature. 

At  every  sulphuric-acid  works  the  temperature  of  the  chambers 
is  a  subject  of  constant  observation  on  the  part  of  the  attendants^ 
and  it  is  generally  understood  that  the  regular  and  economical 
working  of  the  process  is  intimately  connected  with  keeping  the 
temperature  at  a  certain  height,  different  in  different  parts  of 
the  same  set  of  apparatus,  and  considerably  varying  in  analogous 
parts  of  the  apparatus  at  different  works,  but  to  be  kept  as  nearly 
as  possible  equal  and  constant  in  the  same  place.  The  care  with 
which  the  observations  of  temperature  are  made  certainly  varies 
very  much.  In  Germany  for  many  years  past  thermometers  have 
been  fixed  in  several  parts  of  the  chambers,  generally  near  the 
"  drips''  (p.  508),  and  their  readings  are  regularly  recorded.  In 
France  and  particularly  in  England  this  has  been  very  much  less 
the  case ;  even  in  large  and  otherwise  very  well-managed  works 
chamber- thermometers  were  frequently  not  to  be  found  even  in 
recent  times,  and  it  was  often  thought  sufficient  to  test  the  tem- 
perature of  the  chambers  by  putting  the  hand  upon  the  lead.  It 
is  hardly  necessary  to  say  that  the  latter  plan  is  decidedly  faulty, 
and  the  small  expense  and  trouble  of  applying  and  using  thermo- 
meters ought  never  to  be  shunned. 

This  is  independent  of  the  question,  whether  a  certain  tempera- 
ture is  or  is  not  the  theoretically  best  for  the  process  of  sulphuric- 
acid  making,  and  whether  this  is  the  cause,  or  the  effect,  oF  the 
economical  working  of  the  chambers;  for  there  is  no  divereity  of 
opinion  as  to  the  fact  that  all  causes  leading  to  a  faulty  process 
act  either  directly  or  indirectly  on  the  temperature  of  the  chambers, 
and  that  the  observation  of  the  latter  is  one  of  the  most  important 
guides  for  judging  of  the  proper  working  of  the  acid-making 
process. 
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Considerable  diversity  of  opinion  exists  concerning  the  best 
temperature  for  the  chamber- process ;  but  there  is  no  doubt  as 
regards  some  general  facts.  The  temperature  of  each  chamber 
diminishes  from  front  to  back^  and  naturally  even  more  that  of  the 
last  chambers  compared  with  the  first.  All  these  differences  in 
the  normal  process  ought  to  be  constant.  The  first  chamber  will 
be  generally  so  hot  that  one  cannot  touch  it  for  any  length  of  time, 
say  50^  to  65°  C. :  in  the  absence  of  any  cooling-apparatus,  Glover 
tower^  &c.,  the  heat  becomes  so  high  that  the  lead  cannot  be  touched 
with  impunity ;  but  in  that  case  the  chamber  will  not  last  very  long. 
The  second  chamber  mostly  shows  on  the  outside  hardly  more  than 
blood-heat;  thermometers  with  their  mercury- vessels  inside  the 
chambers  show  from  40°  to  60°  C.  The  third  chamber,  if  it  be 
the  last,  will  outwardly  show  little  or  no  difference  in  temperature 
from  the  surrounding  atmosphere ;  inside  its  temperature  varies 
from  40°  to  30°,  and  below  that. 

At  the  Aussig  works  in  September  the  tambour  showed  60°, 
the  large  chamber  in  its  first  part  45°,  in  its  last  part  43° ; '  the  first 
back  chamber  30°,  the  last  (kept  without  any  steam)  20°  C. 

At  Stolberg  (1902)  the  maximum  temperature  in  the  front  part 
of  the  first  chamber  was  70°  to  80°  C.  in  summer,  and  10°  or  15° 
less  in  winter. 

At  Oker,  in  1891,  during  the  cold  season,  the  first  chamber 
showed  70°  in  front,  60°  in  the  back;  the  second  chamber,  front  50°, 
back  4^° ;  the  third  chamber,  front  35°,  back  25°.  During  the 
summer  season  the  temperatures  are  10°  to  15°  higher  in  the  front, 
5°  to  10°  higher  in  the  back  part. 

At  Salindres  the  leading  chamber  is  kept  at  an  average  of  65°  in 
summer^  of  55°  in  winter.  This  is  a  refutation  to  the  assertion  of 
Favre  (Monit.  scient.  1876,  p.  272),  according  to  whom  in  the 
south  of  France  the  chamber-process  is  already  disturbed  at  65°. 
But  it  is  true  that  many  skilled  chamber-managers  prefer  working 
the  leading  chamber  as  nearly  as  possible  at  50°  to  60°  only. 

Dr.  Stahl  informs  me  that  in  a  set  of  three  chambers  for  brim- 
stone, working  without  a  Glover  tower,  but  where  part  of  the  heat 
of  the  burner-gas  was  employed  for  concentrating  acid,  as  shown 
supra,  p.  277,  the  temperature  ranged  as  follows : — 

In  the  first  chamber,  near  the  entrance  of  the  gas,  from  80°  to 
90°  C.^  according  to  the  outside  temperature. 

In  the  second  (main)  chamber  in  the  middle  from  50°  to  60°  C. 
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In  the  third  chamber  about  10°  C.  above  the  outside  temperature 
in  summer^  and  20^  C.  in  winter. 

The  numerous  observations  communicated  by  Crowder  (Journ. 
Soc.  Chem.  lud.  1891^  p.  301)  contain  nothing  of  importance. 

The  opinion  expressed  by  H.  A.  Smith,  according  to  whom 
the  best  temperature  would  be  nearer  100°,  is  not  based  on  any 
valid  reasons,  and  seems  to  be  shared  by  very  few  practical  men  ; 
on  the  contrary,  such  high  temperatures  are  universally  assumed 
to  be  extremely  injurious  to  the  chamber-lead  and  are  carefullv 
avoided.  In  Europe  90°  or  95°  is  probably  the  maximum  tem- 
perature employed  anywhere ;  but  in  America  I  found  in  one  place, 
where  zinc-blende  was  burned,  a  temperature  of  100°,  and  it  was 
asserted  that  this  chamber  (of  course,  the  first  of  the  series)  suffered 
less  than  the  last ;  but  they  had  only  a  few  years'  experience  at 
that  works,  so  that  we  cannot  accept  the  statement  as  conclusive. 
The  lower  limit  of  temperature  is  by  Schwarzenberg  put  at  40° 
to  50°  C,  because  otherwise  there  would  not  be  a  sufficient  quan- 
tity of  water  remaining  in  the  state  of  vapour ;  he  asserts  that  in 
cool  weather  a  set  of  chambers  is  less  easily  started  than  in  warm 
weather,  and  that  in  winter  more  nitre  is  used  than  in  summer. 
1  must  contradict  this  assertion  of  Schwarzen berg's,  both  from  his 
own  and  from  many  other  practical  men's  experience.  Unless 
the  temperature  of  the  chambers  sinks  so  low  that  ice  is  formed 
in  them  (which  may  happen  with  back  chambers  kept  without 
steam),  no  excess  of  nitre  is  required  in  winter;  on  the  contrary, 
at  all  well-managed  factories  known  to  me  it  is  asserted  that  they 
regularly  require  less  nitre  in  winter  than  in  summer,  and  that 
the  work  altogether  proceeds  better  in  the  cooler  season. 

We  have  also  seen  (p.  538)  that  it  is  a  mistake  to  assume  that 
the  water  exists  principally  in  the  state  of  vapour  within  the 
chambers. 

A  most  remarkable  case  is  presented  at  the  Freiberg  works, 
where  the  cooling  of  the  burner-gas,  in  order  to  condense  the 
arsenious  acid,  is  carried  on  so  far  that  the  temperaiore  is  that  of 
the  outer  air,  and  in  winter  the  gases  often  enter  the  chambers 
at  0°.  In  spite  of  this,  no  inconvenience  is  felt,  and  no  special  con- 
trivances or  precautions  need  be  employed ;  the  temperature  within 
the  first  chamber  soon  rises  to  60°  and  upwards. 

On  the  other  hand,  it  cannot  be  doubted  that  there  is  at  all  events 
an  upper  limit,  beyond  which  the  temperature  of  the  chamber  ought 
not  to  go.  We  have  seen  in  Chapter  III.  (p.  227)  that  with  the  same 
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gaseous  mixture  a  comparative  slight  rise  of  temperature,  from  70^ 
to  80°,  is  sufficient  to  convert  the  oxidation  of  NO  to  N2O3  into  a 
reduction  of  N2O3  to  NO.  Unfortunately  we  do  not  yet  know  the 
conditions  of  the  process  to  the  extent  necessary  for  a  priori  fixing 
the  upper  limit  of  the  temperature  of  the  chambers  with  any 
approach  to  certainty. 

In  normal  circumstances  the  temperature  of  the  first  (leading) 
chamber  will  have  a  direct  relation  to  the  quantity  of  work  put  upon 
the  system.  Whikt  with  the  ordinary  allowance  of  20  cubic  feet 
per  lb.  of  sulphur  the  normal  temperature  is,  as  before  stated,  from 
50P  to  60°,  or  at  most  65°,  it  is,  with  forced  work  (15  or  12  cubic 
feet  per  lb.  of  sulphur),  80°  at  the  inlet  and  rises  to  90°  or  95° 
further  on  ;  even  at  the  outlet  it  is  still  15°  or  20°  over  the  tem- 
perature of  the  ambient  air. 

Benker  (communication  1902)  considers  a  difference  between 
the  inside  and  outside  temperature  in  the  last  chamber  =  10°  C. 
as  a  mark  of  excellent  work,  18°  or  20°  should  be  never  exceeded. 
He  regularly  fixes  a  thermometer  on  the  outside  as  well  as  one  inside, 
a  course  much  to  be  recommended. 

The  temperature  of  the  chambers  depends  upon  various  causes. 
It  is  raised  by  the  heat  of  the  burner-gases,  by  that  of  the  steam 
introduced,  and  (in  a  far  greater  ratio)  by  the  chemical  reactions 
of  the  acid-making  process;  sometimes,  in  warm  countries  and 
in  unprotected  chambers,  by  the  heat  of  the  sun.  Part  of  this 
heat  is  withdrawn  by  the  radiation  from  the  thin  and  quickly 
conducting  leaden  walls  of  the  chamber,  also  by  the  heat  contained 
in  the  escaping  gas  and  in  the  acid  drawn  ofi*.  The  loss  of  heat 
by  radiation  will  vary  according  to  the  season,  to  the  wind,  &c., 
but,  of  course,  much  less  with  chambers  enclosed  in  buildings  than 
with  those  exposed  to  the  weather.  As  for  a  given  time  both  this 
influence  and  the  heat  brought  in  by  the  burner-gases  and  with- 
drawn by  the  exit-gases  and  the  acid  manufactured  vary  but  little, 
the  inner  temperature  will  practically  be  governed  by  the  intensity 
of  the  chemical  reactions. 

The  facts  now  stated  prove  by  themselves  that,  as  I  have  urged 
\i^ore,  frequent  observations  of  the  temperature  of  the  chambers  are 
of  ffreat  importance  for  the  proper  manage^nent  of  the  process. 
Although  the  temperatures  at  the  various  parts  of  the  apparatus 
show  very  great  discrepancies  at  different  works,  they  are  almost 
constant  in  the  same  set  of  chambers,  so  long  as  everything  is  in 
good  working  order ;  and  for  this  reason  any  considerable  rise  or 
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fall  of  the  thermometer^  to  the  extent  of  say  5°  C,  is  a  certain 
sign  that  there  is  some  irregularity  which  should  be  remedied. 
This  indication  is  all  the  more  valuable  as  it  is  instantly  observed 
without  requiring  any  tests  or  loss  of  time,  and  it  is  accessible  to 
any  ordinary  working-man  without  the  aid  of  a  chemist. 

One  of  the  most  systematic  observations  of  the  temperatures 
in  different  places  of  a  set  of  chambers  was  made  at  the  Uetikon 
works  by  Lunge  and  Naef  (Chem.  Ind.  1884?,  p.  17).  Three 
readings  were  made  every  day^  and  the  following  are  the  averages 
of  a  prolonged  period,  both  for  (A)  Moderate  duty  of  chambers 
(4-4  tons  pyrites  for  129,000  cubic  feet,  or  29  cubic  feet  per  lb. 
of  sulphur),  and  for  (B)  Intense  duty  of  chambers  (6  tons 
pyrites,  or  208  cubic  feet  per  lb.  of  sulphur).  The  strength  of 
the  acid  in  the '^  drips '^  fixed  near  the  thermometers  is  also 
indicated.  The  extreme  variations  of  the  chamber-temperatures, 
of  which  only  the  averages  are  given  here,  did  not  exceed  3^  or 
4°  C.  The  temperature  of  the  outer  air  varied  far  more,  viz., 
.3°  to  17°  in  the  14  dajs'  working  of  A,  and  from  5°  to  20°  C.  in 
the  10  days'  working  of  B ;  but  this  did  not  influence  anything 
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except  the  last  chamber.  The  chambers  had  all  the  same  width 
(28  feet  4  in.)  and  height  (23  ft.) ;  but  the  leading  chamber  was 
1 38  feet,  the  second  65^  feet,  and  the  third  36  feet  long. 

This  shows  in  the  first  chambers  a  difi^erence  of  from  9°  to  12^ 
between  moderate  and  intense  duty  of  the  chambers.  The 
temperature  was  very  distinctly  influenced  by  the  quantity  of 
nitre:  with  strongly  red  chambers  it  was  much  higher  in  the 
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front  than  in  the  back  part ;  with  paler  chambers  the  difference 
was  less,  the  reaction  also  going  on  moi'e  equally.  At  the  top  of 
the  first  chambers  the  gases  were  from  4^  to  5^  hotter  than  at  the 
bottom,  bnt  gas-analysis  showed  that  the  gases  were  not  richer  in 
SOs  and  O  in  the  former  than  in  the  latter  case. 

Further  experiments  were  made  on  the  cooling-influence  of  the 
radiation  from  the  chamber- walls.  The  following  are  the  averages 
of  seven  days'  observation  at  distances  of  10, 4,  and  2  inches  from 
the  chamber-side,  with  an  average  outer  temperature  of  19°: — 
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At  an  outer  temperature  of  19°,  therefore,  the  cooling  between 
2  and  4  inches  from  the  chamber-side  averaged  only  2°,  between 
4  and  10  inches  only  1°.  At  lower  outside  temperatures  of  course 
the  cooling  action  would  be  somewhat  stronger.  Greater 
differences  were  found  when  the  following  observations  were  made 
in  the  centre  of  the  chamber  by  lowering  a  maximum  thermometer 
by  means  of  a  wire  through  the  chamber-top  and  reading  off  at 
the  other  places  as  before  (the  table  gives  the  average  of  tea 
observations,  at  an  average  outside  temperature  of  18°): — 

Pipe  from  the  Glover  tower    73° 

Front  of  leading  chamber    69 

Middle  of  ditto,  10  inches  from  side,  bottom    ...  70 

„  „  „  „  midway  up.  72 

»  >y  n  »  top    76 

„  „     centre  of  chamber,  bottom 75 

„  „  „  „  midway  up.  78 

y>  iy  ?>  ,»  top     80 

Second  chamber  50 

Third  chamber 29 
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This  shows  a  difference  of  5*^  between  the  centre  and  a  place 
10  inches  from  the  sides^  so  that  there  would  be  8^  between  the 
centre  and  the  sides.  This  would  seem  to  indicate  that  the  hot 
current  moves  less  quickly  in  the  centre  than  near  the  sides,  and  it 
agrees  with  the  fact  that  the  percentage  of  SO2  and  O  in  the  centre 
is  greater,  that  is,  that  the  reaction  is  less  advanced  there  than 
near  the  sides  in  the  same  transverse  section  of  the  chamber. 
This  would  agree  both  with  the  theory  of  Abraham  (to  be  men- 
tioned further  on),  according  to  which  the  gases  move  in  a  spiral 
course  from  the  front  to  the  back  end  of  the  chamber,  and  with 
that  of  Sorel,  as  we  shall  see  in  Chapter  IX. 

The  preceding  observations  clearly  show  that  the  chemical 
reactions  produce  a  rise  of  the  temperatures,  as  the  heat  of  the 
gases  in  the  middle  of  the  leading  chamber  near  the  top  exceeds 
even  that  of  the  gases  arriving  in  the  Glover  tower,  in  spite  of  the 
cooling  action  of  the  air  traversing  a  distance  of  70  feet  from  the 
front  to  the  place  of  observation.  Tliis  is  confirmed  by  special 
observations  in  the  fore  part  of  the  chamber,  where  the  formation 
of  acid  is  most  energetic : — 

Bottom.        Midway.        Top. 
33  feet  from  front  end  , . .         80-5°  83^ '  81° 

66        „         „         „    ...  75  78  80 

Special   interest   is    also   afibrded    by   observations    made   to 

ascertain  the  effect  of  using  either  steam  or  a  spray  of  Kqmd 

water  for  feeding  the  chambers. 

Steam.  Water-spray. 

(Outer  temp.  (Outer  temp. 

12°.)  24^) 

Pipe  from  Glover  tower 69  73 

Leading  chamber,  bottom 71  73 

„             „        midway 73  75 

„             „        top    76  78 

Pipe  from  first  to  second  chamber  57  68 

Second  chamber 41  53 

Pipe  from  second  to  third  chamber  36  47 

Third  chamber    24  31 

It  is  true  that  in  the  second  case  (water-spray)  the  outer  tem- 
perature was  13^  higher  than  when   using  steam ;   but  wc  have 
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seen  above  that  this  influences  especially  the  first  chambers  but 
little^  and  we  may  thence  conclude  that  there  is  no  sensible 
difference  in  temperature  between  the  application  of  water  as 
steam  or  that  as  liquid  spray.  All  this  confirms  the  paramount 
influence  of  the  chemical  reactions. 
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The  above  diagrams,  figs.  304  to  308,  show  the  just-mentioned 
results  graphically,  the  length  of  the  chambers  being  approxi- 
mately represented.  In  fig.  304  the  thick  line  represents  the 
temperature-curve  for  a  normal  duty  (208  cubic  feet  chamber- 
space),  at  12°  C.  outer  temperature;  the  dotted  line  for  moderate 
duty  (29  cubic  feet),  at  9°C.  outside;  the  upper  faint  line  the 
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temperatures  observed  with  a  liquid  water-spray  at  TAP  out- 
side. Fig.  305  gives  the  temperatures,  obtained  in  the  same 
series  of  experiments,  as  observed  in  the  same  transverse  section 
near  the  bottom,  midway,  and  near  the  top  (the  lines  have  the 
same  meaiting  as  in  the  preceding  figure).  Fig.  306  shows  the 
temperature-curves  in  the  longitudinal  section  of  the  chambers;  the 
dotted  line  representing  the  observations  taken  at  midway  height, 
thin  line  the  bottom,  and  the  thick  line  the  top.  They  show  very 
clearly  how  the  temperature  is  raised  by  the  chemical  reactions ; 
near  ttie  bottom  and  at  a  midway  height  it  begins  to  fall  in  the 
second  quarter  of  the  leading  chamber,  but  at  the  top  it  keeps  up 
as  far  as  midway.  Fig.  307  shows  the  temperature  at  different 
heights  in  the  centre  of  the  first  chamber ;  the  dotted  line  at  a 
distance  of  33  feet,  the  thick  line  at  66  feet  from  the  front  end. 
Fig.  308  shows  the  increase  of  temperature  from  the  outside 
towards  the  inside  (cooling  action  of  the  walls) . 

Eschellmann  (J.  Soc.  Chem.  Ind.  1884,  p.  135)  has  proved 
numerically  the  relative  importance  of  steam  and  nitre  in  the 
temperature  of  the  chambers. 

Taking  the  drips  in  the  first  chamber  =  130°  Tw.,  this  corre- 
sponds to  the  compound  H2SO4,  2  HjO  (molecule  =  134"),  or  to 
an  evolution  of  53,480  +  9,418  =  62,898  calories  for  134  grams 
of  that  acid.  The  54  grams  of  steam,  at  125°  C,  required  for 
forming  H2SO4,  2  HjO,  represent  34,809  calories.  We  will  now 
assume  that  more  steam  is  introduced,  and  we  will  put  an  extreme 
case,  viz.,  the  formation  of  H2SO4,  3H2O.  This  means  another 
18  grams  steam  at  125°  =  11,603 ;  whilst  by  the  reaction 
H2SO4,  2  H2O  +  HjO,  1,729  calories  are  evolved.  We  must, 
however,  deduct  the  heat  corresponding  to  a  chamber-temperature 
of  50°  =  50*087  calories  per  gram  of  water,  which  is  left  in  the 
product,  and  we  thus  arrive  at  the  following  figures  : — 
The  formation  of : 

H2SO4,  2  H2O  evolves  62,898  +  32,105  =  95,003  cal. 

H2SO4,  3  H2O       „       95,003  +  10,702  +  1,729  =^  107,434  cal. 

Taking  the  gas  entering  the  chambers  to  contain  6  vols.  SO^  in 
100,  this  means  introducing  in  the  first  case  3x6  vols.  H,0, 
and  increasing  the  total  to  1 18  vols. ;  in  the  second  case  4x6 
vols,  of  water,  or  a  total  of  124  vols.     Thus  we  have — 
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For  118  vols,  an  evolution  of  95,003  cals.;  1  vol.  =  805. 
„   12^^  „  „         107,434     „    ;  1    „    =867. 

Now  taking  the  chamber- temperature  at  50^,  the  outer  air  at 
15°,  the  difference  of  35°  must  be  produced  by  the  above  reactions. 
The  proportion  805  :  867  :  :  35  :  37*6  shows  us  that  introducing  so 
much  more  steam  that  the  quantity  of  water  in  the  sulphuric 
acid  is  increased  by  a  whole  molecule  (ai^d  thus  bringing  down 
the  drips  from  130°  to  110°Twaddell)  makes  a  difference  of  only 
2^ '6  C.  in  the  chamber- temperature.  The  maximum  variation 
produced  by  changes  of  the  outside  temperature,  even  in  summer, 
when  they  are  greatest,  were  not  found  to  exceed  5°  C.  On  the 
other  hand,  the  following  observations  were  made  concerning  the 
influence  of  the  nitre  on  the  chamber-temperature.  Two  sets 
of  chambers,  burning  about  equal  quantities  of  pyrites,  were 
supplied  with  their  nitre  exclusively  by  means  of  nitrous  acid  from 
Gay-Lussac  towers,  and  therefore  in  a  continuous  fashion,  while 
all  the  potting  of  fresh  nitre  was  done  in  a  third,  larger,  set  of 
chambers,  at  intervals  of  two  hours.  Now  the  two  small  sets 
show  no  variation  of  temperature  except  what  is  due  to  the 
variation  of  the  surrounding  air,  namely,  between  50°  and  53°  C. ; 
but  the  large  set  shows  a  regular  variation  from  48°  to  68°  C,  the 
lowest  temperature  occurring  immediately  before  potting,  when 
the  first  chamber  is  least  supplied  with  nitre,  and  slowly  rising 
after  the  potting  of  fresh  nitre.  The  thermometers  were  inserted 
at  a  distance  of  22  feet  from  the  gas-inlets  ;  the  temperature  of 
the  gas  entering  was  35°  C.  The  difference  between  the  small, 
continuously  supplied  sets,  and  the  large,  intermittently  supplied 
set,  so  far  as  temperature  is  concerned,  cannot  be  ascribed  to  any 
other  cause  than  the  continuous  or  intermittent  supply  of  nitre. 
This  was  conclusively  proved  by  a  special  experiment  in  which 
one  potting  was  missed,  so  that  the  only  supply  of  nitre  to  that 
set  came  from  a  small  quantity  of  nitrous  vitriol  running  down 
the  Glover  tower,  amounting  to  but  20  per  cent,  of  the  regular 
supply.  In  this  case  the  temperature  of  the  gases,  entering  at 
35°,  njse  only  to  41°,  the  strength  of  acid  at  the  drips  fell 
rapidly,  a  large  escape  of  sulphur-dioxide  took  place  at  the  Gay- 
Lussac  tower,  and  the  chambers  worked  very  irregularly,  until  not 
only  the  missed  nitre  was  put  in,  but  an  additional  quantity 
required  t(^  compensate  for  the  nitre  lost  by  reduction  to  nitrous 
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oxide.  Eschellmann^s  experiments  are  a  strong  argameut  in 
favour  of  the  Continental  plan  of  feeding  the  chambers  with 
nitric  acid. 

Sorel  (Zeitschr.  f.  augew.  Chem.  1889,  p.  271)  finds  that  the 
difference  of  temperature  between  the  front  and  back  end  of  the 
first  chamber,  measured  5  feet  above  the  bottom,  is  only  2°,  which 
is  accounted  for  by  the  fact  that  the  heat  produced  by  the 
chemical  reactions  is  *only  slowly  abstracted  from  the  gases  by 
radiation  from  the  walls.  The  space  close  to  the  lead  walls  is,  of 
course,  coolest  (comp.  p.  718);  from  here  towards  the  interior 
of  the  chamber  the  temperature  increases  quickly,  and  in  many 
cases  reaches  a  maximum  at  a  distance  of  from  4  to  6  inches  from 
the  wall ;  after  this  it  first  sinks  and  then  generally  rises  again 
towards  the  centre.  Unfortunately,  not  many  observations  were 
made;  but  we  will  quote  that  series  which  is  fullest  (the  tempera- 
tures, as  remarked  by  Sorel  himself,  were  extremely  high,  the 
season  being  very  hot) : — 

Close  to  the  lead 78°-5  to  7^7 

At    2  centimetres  distance  84 

9i     4  „  J,  yi 

„     6  „  „  95-25 

9i    ^  }}  fj  95*25 

^>  10  „  „  98'3 

„  12  „  „  97-3 

Sorel  believes  that  this  difference  of  temperature  is  strong 
evidence  in  favour  of  Abraham^s  theory  of  the  path  taken  by  the 
gases  within  the  chamber  (see  below) ;  he  also  makes  a  most  im- 
portant use  of  it  in  his  own  theory  of  the  formation  of  sulphuric 
acid  (comp.  belowj . 

We  must  also  mention  an  abnormal  state  of  things  which  is 
sometimes  observed,  namely,  a  rapid  sinking  of  the  temperature 
of  the  first  chamber,  whilst  that  of  the  last  chamber  rises  far 
above  the  proper  degree.  This  is  always  accompanied  by  the 
colour  of  the  gases  getting  paler,  first  in  front,  then  also 
behind,  so  that  even  the  last  chamber  may  become  quite  grey.. 
At  the  same  time  there  is  a  great  deal  of  liquid  condensing  on  the 
glass  of  the  ''  sights.^^  Ultimately  the  quantity  of  sulphur  dioxide 
going  away  unoxidized  may  become  so  large  that  the  nitrous  vitriol 
within  the  Gay-Lussac  tower  is  denitratcd,  and  the  nitric  oxide 
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escaping,  on  contact  with  the  air  outside,  forms  dense  red  clouds. 
This  state  of  things  is  brought  about  by  all  the  causes  which  dis- 
turb the  proper  process — want  of  water,  want  or  excess  of  steam 
or  of  air :  all  of  these  tend  to  keep  the  process  back,  so  that  the 
first  chamber  does  too  little,  and  the  last  chamber  too  much  work. 
An  examination  of  the  composition  of  the  gases  at  the  inlet  and 
at  the  outlet,  as  well  as  of  the  strength  and  nitrosity  of  the  drips, 
vill  lead  to  localising  the  cause  of  the  disaster  and  admit  of 
applying  the  proper  remedy.     Usually,  together  with   all  other 
remedies,  a  fresh  supply  of  nitre  must  be  given,  in  order  to  get  up 
the  temperature  of  the  first,  and  reduce  that  of  the  last  chamber ; 
that  is,  to  bring  back  the  maximum  of  production  to  its  proper 
place  in  front  of  the  apparatus.     Where  it  is  impossible  to  get 
enough  fresh  nitre  into  the  chambers,  the  pyrites-burners  must 
he  kept  back,  to  diminish  the  amount  of  sulphide  dioxide  in  the 
chamber  atmosphere.       At   all   events,   the  indications   of    the 
thermometer  in  the  last  chamber  are  very  important ;  if  it  rises 
above  the  normal  point,  the  proportion  of  sulphur  dioxide  to  that 
of  the  nitrous  gases  and  steam  is  sure  to  be  wrong,  and  should  be 
remedied  at  once  before  more  mischief  is  done. 


Depth  of  Acid, 

It  is  a  general  belief  among  practical  men  that  the  depth  of  acid 
at  the  bottom  of  the  chamber  influences  the  completeness  and 
regularity  of  the  chamber-process.  In  their  opinion  the  best  yield 
and  the  most  regular  work  is  only  obtained  by  keeping  a  good 
stock  of  acid  in  the  chambers^  say  nine  inches  or  more.  On  the 
contrary,  a  very  experienced  acid-maker,  M.  Delplace,  emphatically 
denies  that  the  process  is  improved  by  a  great  depth  of  acid. 
He  was  in  a  position  to  start  a  chamber  (whose  sides  were  burnt 
to  the  bottom)  without  any  acid  at  all :  the  drops  could  be  heard 
to  splash  upon  the  lead  as  they  fell  down ;  yet  both  the  yield  of 
acid  and  the  consumption  of  nitre  (1  part  to  100  rectified  O.V.) 
were  as  favourable  as  in  any  other  case.  It  must  not  be  over- 
looked that  a  very  great  depth  of  acid  diminishes  the  available 
chamber-space. 

I  for  my  part  am  inclined  to  favour  the  view  that  it  is  of  great 
importance  for  the  regularity  of  the  chamber  work  to  keep  a 
somewhat  deep  layer  of  acid  at  the  bottom  of  the  chambers.    The 

VOL.  I.  3  a 
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probable  cause  of  this  is  the  fact  that  this  layer  serves  as  regulator 
for  the  rariations  of  strength  and  the  percentage  of  nitre  in  the 
acid  directly  connected  therewith.  This  view  is  completely  con- 
firmed by  observations  communicated  to  the  30th  Alkali  Report, 
p.  66,  by  Mr.  R.  Forbes  Carpenter.  At  a  factory  where  the 
chamber  receives  its  nitre  mostly  in  the  shape  of  waste  acid  from 
the  manufacture  of  nitro-toluol,  a  film  of  nitro-toluol  is  formed 
on  the  surface  of  the  chamber-acid,  and  this  shutting-off  of  the 
acid  from  the  atmosphere  of  the  chamber  causes  exactly  the 
same  irregularity  in  the  working  of  the  chamber  as  a  low  depth 
of  the  acid  would  do.  The  latter  no  doubt  mainly  serves  a& 
regulator  for  the  nitre. 

My  opinion  in  this  respect  is  altogether  shared  at  Stolbei^ 
(1902). 

Genei*al  Remarks. 

In  checking  the  process  it  must  never  be  overlooked  that  the 
same  symptom  may  be  owing  to  various  causes.  Thus  the  acid 
may  get  weaker  either  by  a  falling-off  in  the  make  or  by  too  much 
steam.  The  draught  may  be  lowered  either  by  a  smaller  make,  or 
by  atmospheric  influences,  or  by  the  gas-flues  getting  stopped  up 
with  deposit.  An  insufficient  conversion  of  sulphur  dioxide  into 
sulphuric  acid  may  be  caused  by  too  weak  or  too  strong  a  draught. 
The  nitre  may  decrease  in  the  chamber  both  from  an  excess  of 
steam,  which  leads  to  formation  of  nitric  acid,  and  from  a  defi- 
ciency of  it,  leading  to  chamber-crystals  getting  dissolved  in  the 
bottom-acid ;  and  in  both  cases  the  strength  of  the  vitriol  falls  off. 
From  the  fact  that  in  acid-making  a  certain  effect  may  be  caused  by 
difierent  circumstances,  the  management  of  chaihbers  is  not  aa 
easy  task,  but  requires  great  judgment  and  experience. 


Distribution  of  Gases  and  Rate  of  Formation  in  the  various  parts 

of  the  Vitriol-Chambers. 

The  following  observations  and  considerations  possess  far  more 
than  a  merely  theoretical  interest.  They  are  intimately  connected 
with  the  questions — which  is  the  best  shape  for  vitriol-chambers  ? 
are  con  tact- surfaces  for  the  better  condensation  of  the  acid  to  be 
provided,  in  addition  to  mere  chamber-space  ?  what  is  the  real  duty 
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performed  hj  the  various  parts  of  a  set  of  vitriol-chambers^  and 
can  that  dnty  be  performed  in  a  more  advantageous  way  ?  and  so 
forth.  These  questions  have  been  treated  at  considerable  length 
in  preceding  chapters  (especially  pp.  472  et  seq.),  and  they  will  also 
influence  the  theory  of  the  Sulphuric  Acid  Manufacture  (comp. 
below). 

The  experiments  made  by  H.  A.  Smith,  and  recorded  in  his 
pamphlet,  'On  the  Chemistry  of  the  Sulphuric  Acid  Manufac- 
ture' (London,  1873;  comp.  supra,  p.  454),  are  entirely  untrust- 
worthy, as  pointed  out  several  times  before,  in  more  detail,  in  the  first 
edition  of  this  work,  p.  285  et  seq.  His  conclusion,  that  the  chief 
portion  of  the  acid  made  in  the  chambers  is  produced  and  condensed 
close  to  the  surface  of  the  acid  already  formed  in  the  chambers^ 
has  not  been  confirmed  by  any  other  observer,  and  we  will 
not  detain  ourselves  anv  further  with  it,  as  it  is  also  in  direct 
contradiction  to  his  own  analyses  of  the  gases.  Hasenclever 
(A.  W.  Hofmann's  Report  on  the  Vienna  Exhibition,  vol.  i. 
p.  178)  fixed  lead  dishes  in  several  parts  of  his  chambers,  covering 
them  over  at  a  distance  of  a  foot,  and  thus  found  that  about  the 
same  quantity  of  acid  was  formed  all  over  the  chamber.  [This 
conclusion  certainly  cannot  be  proved  definitely  in  this  way,  as 
the  dishes  act  as  contact-surfaces  ;  see  pp.  473  &  724.] 

Mactear  (J.  Soc.  Chem.  Ind.  1884,  p.  224)  has  published  an 
extensive  series  of  observations  on  the  distribution  and  condensa- 
tion of  the  gases  in  the  vitriol-chambers.  So  far  as  they  go  towards 
settling  the  point  at  which  part  of  the  chamber  the  principal 
formation  of  the  acid  takes  place,  they  are  of  no  use  to  us,  as  they 
were  based  on  a  wrong  principle,  viz.  that  of  observing  the 
quantity  of  acid  condensed  on  trays  of  a  certain  surface.  It  has 
been  frequently  shown,  and  that  by  Mactear  himself  in  the  same 
paper^  that  solid  (or  liquid)  surfaces  within  the  chambers  have  an 
intense  condensing  action  upon  the  acid,  which  means  that  the 
mist  of  impalpably  small  drops  on  striking  such  surfaces  condenses 
into  lai^e  drops  and  collects  upon  the  trays  ;  hence  the  quantity 
of  acid  running  away  from  the  trays  is  not  that  made  in  the  space 
above  them,  but  represents  a  very  much  larger  quantity,  made 
partly,  and  possibly  to  the  greatest  extent,  at  some  distance  from 
the  place  where  the  tray  is  located. 

How  unreliable  is  the  plan  of  testing  the  amount  of  sulphuric 
acid  formed  in  a  special  part  of  the  chamber  by  means  of  collecting- 

3a2 
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trays  has  been  very  clearly  shown  by  Naef  (Chem.  Ind.  1885, 
p.  287) .     The  condition  supposed  to  exist  by  previous  observers 
is  this^  that  the  trays  collect  all  the  acid  formed  in  the  vertical 
space  above  them.     If  it  were  so,  next  to  no  acid  would  be  found 
when  the  tray  is  provided  with  a  cover.     If,  however,  the  drops 
fall  down  in  a  slanting  direction,  some  acid  will  be  found,  and  its 
quantity  ought  to  vary  in  proportion  to  the  distance  between  the 
tray  and  the  cover.     But  even  this  is  not  the  case.     Naef  placed 
within  the  chamber  on  one  side  an  open  tray,  and  on  the  other 
side  a  tray  with  a  wider  cover  suspended  over  it  at  a  variable 
distance.     The  result  of  weekly  averages  was  this  : — that  the  tray 
with  the  cover  12  inches  above  it  collected  exactly  as  much  as  the 
open  one,  and  even  when  the  cover  was  only  4  inches  above  the 
tray  the  acid  collected  was  nearly  as  much  as  on  the  open  tray. 
Repeated    observations    confirmed  this    result    entirely.      This 
surprising  phenomenon  cannot  be  explained  by  a  slanting  fall  of 
the  drops,  for  it   would  suppose   the  fall  to   take  place  at  an 
angle  of  20^,  which  cannot  be  produced  even  by  the  most  violent 
movement  within  the  chamber,  far  above  anything  which  really 
exists.     There  is  no   other   explanation   than   one   to   which   a 
very  large  number  of  former  observations  in  all  possible  cases, 
also  those  of  Mactear,  irresistibly  lead — ^that  the  sulphuric  acid, 
when  formed,  exists   in    the  shape    of  a  very  fine  mist   which 
is   very   slowly  deposited  in  the  form  of  a  rain  of  real  drops, 
and  is  carried  forward'  by  the  gases  for  long  distances,  but  is 
suddenly  condensed   to   real  drops  when   striking  against   solid 
[or,  perhaps,  liquid]  surfaces.    Therefore  the  acid  is  not  deposited 
at  all  in  a  liquid  state  where  it  is  formed,  but  further  on,  in 
very  different  quantities  according  to  the  surfaces  it  meets ;  hence 
the  apparent  contradictions   between  the  results  of  gas-analyses 
and  those  of  measuring  the  acid  condensed  on  trays.     The  latter 
mode  of  observation  is  utterly  worthless  for  deciding  the  question 
of  the  progress  of   the  chemical  reactions  ;   this  progress  must 
undoubtedly  be  studied  by  gas-analyses.     This  last  method  presup- 
poses that  the  gases  in  any  special  transverse  section  of  the  chamber 
are  somewhat,  although  not  absolutely,  equally  mixed ;  but  that 
this  is  so,  has  been  proved  by  the  results  of  Lunge  and  Naef  (see 
later  on)  as  well  as  by  those  of  Mactear  himself.     The  fact  that 
nearly  as  much  liquid  acid  is  condensed  on  the  trays  near  the  top 
as  upon  those  near  the  bottom  of  the  chamber  is  easily  explained 
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by  Abraham's  theory  of  a  spiral  moyement  of  the  gases  (see  below), 
of  which  it  is,  indeed,  a  necessary  consequence. 

Hence  we  cannot  accept*  Mactear's  conclusion  that  the  principle 
part  of  the  acid  is  made  in  the  upper  portion  of  the  chamber.  In 
fact  this  does  not  agree  with  his  own  analyses  of  the  chamber-gases, 
and  even  less  with  his  further  conclusion  (p.  228  of  his  paper)  that 
the  principal  condition  is  that  of  '^  having  ample  chamber-space,  the 
form  of  the  chamber  not  being  so  material.^'  The  argument  that 
the  sulphuric  acid  forming  and  falling  rapidly  towards  the  bottom 
of  the  chambers  must  displace  the  gases  and  force  them  to  the 
upper  portion  is  fallacious ;  for  the  volume  of  the  acid  forming  is 
several  hundred  times  less  than  that  of  the  gases  concerned  in  its 
formation,  so  that  the  above-mentioned  action  must  be  impercep- 
tibly small. 

Mactear's  observations  on  the  rate  at  which  the  acid  is  formed  in 
different  chambers  of  a  set  are  very  interesting.  The  following 
table  shows  the  composition  of  the  gases  in  the  different  parts  of 
a  set  of  chambers,  connected  with  a  Glover  and  Gay-Lussac  tower, 
calculated  from  a  long  series  of  observations.  In  the  original  the 
figures  are  given  to  three  decimals  per  cent.,  but  we  reduce  them  io 
one  decimal,  the  estimations  certainly  not  being  accurate  even  to 
that  place.  The  nitre  in  the  original  is  all  calculated  as  Ns04,  which 
is  certainly  wrong,  and  looking  at  the  imperfection  of  former 
analytical  methods,  we  must  accept  the  figures  lor  nitre  with  all 
reserve. 


80, 

O  required  to  form  SO3 
N  equWalent  to  Fefi^  1 

O  in  excess  air   

N  in  excess  air   

»A  


Gas  entering  the 

1 

Gloyer     Ist 

* 

2nd 

3rd 

4th     5th 

6th 

Gay- 

tower. 

ch. 
6-3 

ch. 

ch. 

oh.      ch. 

ch. 
0-3 

Lussac. 
003 

6-3 

4-5 

2-C 

1-4      0-7 

32 

3-2 

2-2 

1-3 

0-7      0-36 

0-11 

45-6 

46-2 

46-6 

48-0 

48-9 

49-4 

497 

49-9 

9-4 

9-4 

9-7 

10-0 

10-2 

10-3 

10-3 

10-4 

35-9 

35-8    36-9 

380 

38-7    391 

39-4 

39-5 

..* 

012 

012 

013 

013 

1 

013 

013 

013 

Exit- 
gas. 


003 


50^ 

10-4 
39-6 
001 


The  next  table  shows  the  comparative  condensation  of  acid  in 
the  six  consecutive  chambers  : — 
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No.  of 
chamber. 

Acid  made. 

HjSO^  in  acid 

made. 

< 

Excess  water. 

Per  cent  of 

H2SO4  made  in 

ead)  chamber. 

Tons. 

TODB. 

Tons. 

1. 

23-52 

19-89 

3-63 

32-20 

2. 

22-69 

18-68 

3-91 

30-26 

3. 

20-35 

14-89 

5-46 

1          2411 

4. 

10-23 

4  35 

5-88 

704 

5. 

5-84 

3-09 

2-75 

5-00 

6. 

2-19 

1           0-86 

f 

1-33 

'            1-39 

The  following  table  is  taken  from  Mactear's  paper^  and  shows 
the  comparative  condensation  of  the  single  chambers  of  varions 
sets  of  sulphuric-acid  chambers : — 


Chamber  1.    31  50  ,  32 20  !  325 

38  4  1  341  '  33-8 

52-41  63-9'  38-71  786    53-91  81-8 

261 1  320 

2.     29-27  1  30-26  1  24-8 

35-2 

200 

422 

26-4  '  36-1  '  33-6  '  214    369    17-8 

31-3'  291^ 

3.  1  18-71  1  2411  1  19-3 

15-6 

19-7 

22-6 

16-5 

...  ,  12-91     ...  1    9-2      ... 

20-4    17-5 

,.       4.  1  10-32      704    15-5 

6-2 

181       ... 

n.fi 

11-81  13-7 

5.  1     6-45      500 

5-8 

3-2 

7-3      ... 

■  •  •                          ■  •  •                          t.^    Tk                      •••                          •••                           Baa 

7-9      5-4 

6.      3-75 

1-39 

21 

14 

0-5 

•  •  • 

1        1.^  1 

1 

•  ■  «                 • •• 

2-4 '    2-2 

7 

•  •  ■ 

•  •  • 

■  •  • 

03      ... 

...       1                        1                        1 

■  •  ■ 

Tunnels 

•  •  • 

•  •  • 

■  •  ■ 

•  ■  • 

1-4 

47 

•••              •••     j         ••• 

•    0-4 

1 

1 

jioo-oo 

100-00 

1000 

100-0 

100-0 

100-0 

100-0 

100-0  i  100-0  1000 

100-0  100-0 

100-0 '  100-0 

1 

Crowder  (J.  Soc.  Chem.  Ind.  1890,  p.  302)  quotes  the  results 
found  with  gases  taken  from  testing-holes  in  the  connecting- 
pipes  : — 


From  Glover  tower  to  No.  1  chamber. 

„     No.  1  to  No.  2  

„     No.  2  to  No.  3  

„     No.  3  to  No.  4  

„     No.  4  to  Ghiy-Lussac    


Lump-ore  kilns. 


6-9 
4-4 
1-9 
0-4 
0-3 


O. 


8-0 
7-5 
5-7 
61 
5-7 


i,        Dust-kilns. 

1' 

l|     6O2. 

0.    - 

'      5-2 

11-8 

j       2-4 

11-8 

1       1-2 

10-6 

0-6 

10-2 

0-4 

1' 

9-3 

Another  series  from  a  Scotch  works,  with  a  set  of  6  chambers: — 


' 

80,. 

0. 

GloTer  tower  to  No.  1 

No.  1  to  No.  2 

632 
4-44 
2-63 
1-40 
0-70 
0-26 
0-035 

12-55 
11-89 

No.  2  to  No.  8 

11-28 

No.  3  to  No.  4 

10-86 

No.  4  to  No.  6 

10-61 

No.  5  to  No.  6 

10-46 

No.  6  to  Gay-Lufisao   

10-38 
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Probably  the  most  extensive  and  complete  investigation  on  the 
phenomena  taking  place  in  the  vitriol-chambers  has  been  made  by 
myself  in  conjunction  with  Dr.  Naef  at  the  Uetikon  Alkali. 
Works  near  Zurich^  where  a  set  of  chambers  was  placed  at  our 
disposal  for  this  purpose  during  a  period  of  several  months.  From 
our  Report  thereon  (Chem.  Ind.  1884,  p.  5  et  seq.)  I  have  already 
quoted  in  several  places,  e,  g.  the  methods  employed  for  testing  the 
gases  (p.  419)  and  the  observations  of  chamber-temperatures 
(p.  714) .  I  here  give  a  very  short  abstract  of  the  important  results 
obtained,  which  in  all  essential  particular  have  been  entirely 
confirmed  by  a  similarly  extensive  investigation  made  by  Retter 
at  a  Hamburg  works  (Zeitschr.  f.  angew.  Chem.  1891,  p.  4  ei  seq,). 
The  set  of  three  chambers  observed  has  been  briefly  described 
on  p.  714.  They  were  provided  in  twelve  different  places  with 
complete  sets  of  absorbing-tubes,  large  aspirators,  and  everything 
else  required  for  making  the  most  detailed  and  accurate  analyses 
of  the  chamber-gases  hitherto  attained''^. 

The  first  six  experiments  proved  decisively  that  in  a  normally 
working  set  of  chambers,  containing  a  plentiful  supply,  but  no 
excess,  of  nitre,  the  nitrogen  oxides  in  the  last  two  chambers  did 
not  contain  any  '*  free  ^'  nitrogen  peroxide  t>  but  their  composition 

*  It  13  true  that  even  these  analyses  do  uot  represent  the  absolute  facts  of  the 
case.  Some  changes  may,  and  even  must,  have  taken  place  in  the  gases  on  their 
passage  through  the  ahsorbing-apparatus ;  more  especially  the  estimation  of 
NO  is  not  one  of  the  most  accurate  operations.  Nor  can  it  he  assumed  that 
the  samples  of  gas  aspirated  always  i-epresented  the  true  average  of  that  part  of 
the  cbamhar ;  and  it  was  altogether  impossible  to  be  sure  of  following  up  one 
and  the  same  batch  of  gas  during  its  progress  through  the  chambers.  Om* 
analyses  cannot  therefore  pretend  to  be  authoritative  in  all  details,  but  they 
may  certainly  be  taken  as  representing  the  general  working  of  the  process. 
Soiers  criticisms  of  our  methods  are  not  very  appropriate,  as  he  does  not 
suggest  any  better  ones ;  his  own  plan  of  analyzinp^  nothing  but  the  drip-acids 
is  altogether  misleading,  as  it  takes  no  notice  whatever  of  the  proportions  of 
oxygen  and  nitric  oxide  in  the  surrounding  gases ;  and  as  it  seems,  from  his 
description  of  the  process,  that  he  measured  the  reducing  power  of  the  acid  by 
running  a  solution  of  potassium  permanganate  into  the  vitriol,  instead  of  vice 
tertd,  he  must  have  found  nitric  acid  even  where  none  was  present,  as  proved  by 
me  in  1877  (Ber.  d.  deutsch.  chem.  Qes.  voL  x.  p.  1074). 

t  To  avoid  repetitions,  we  do  not  distinguish  between  NOj  and  NgOj,  but  call 
the  mixture  "nitrogen  peroxide."  "Ilyponitric  acid"  is  an  antiquated 
expression.  In  the  foUowing  abstract  of  the  observations  made  in  1883,  I 
retain  the  expressions  "  nitrogen  trioxide  "  or  "  nitrogen  anhydride,"  then  con- 
sidered to  correctly  denote  the  facts  of  the  case ;  hut  we  now  know  (p.  214)  that 
the  N2O3  found  by  analysis  is  almost  entirely  dissociated  into  NO  and  NO,  in  the 
gaseous  state. 
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corresponded  to  that  of  nitrogen  trioxide  (nitrous  anhydride). 
It  had  been  assumed  by  Berzelius,  and  later  on  by  R.  Weber 
and  by  Hasenclever,  that  N2O3  was  the  real  oxygen  carrier, 
whilst  most  other  chemists  assumed  that  it  was  nitrogen 
peroxide;  but  Berzelius  altogether  confused  N2OS  and  N3O4, 
and  Weber  and  Hasenclever,  although  they,  of  course,  clearly 
distinguished  between  these  two  compounds,  did  not  give  any 
proof  whatever  of  their  assumption  that  the  nitrous  gas  within 
the  chambers  is  N20g,  not  N2O4.  The  observations  and  analyses 
of  Naef  and  myself  for  the  first  time  gave  a  basis  of  fact  to  the 
statement  that  nitrous  acid  is  the  real  oxygen  carrier  in  the  vitriol 
process.  These  observations  have  clearly  established  the  fact  that 
in  a  normally  working  chamber  no  *'free'^  nitroff  en  peroxide  is  found, 
and  Retter's  observations  (comp.  p.  727)  have  entirely  confirmed 
this.  It  is  true  that  it  was  impossible  to  distinguish  entirely 
between  the  single  nitrogen  oxides  in  the  first  chamber,  as 
unfortunately  no  analytical  methods  are  known  by  which  this  could 
be  doue  in  the  presence  of  the  large  quantity  of  SO2  existing  in 
that  place ;  all  that  can  be  done  is  to  calculate  the  nitrogen  oxides 
either  into  NO  and  N2O8,  or  NO  and  NOj.  But  that  the  former, 
not  the  latter,  is  advisable,  is  proved  by  our  further  experiments, 
which  showed  that  even  when  abnormally  N2O4  was  produced  in 
the  third  chamber,  yet  the  second  chamber  never  contained  any 
"  free  nitrogen  peroxide  ^^  *.  A  priori  it  is  also  most  unlikely 
that  in  the  first  chamber,  where  the  reducing  action  of  SO2  is 
so  much  more  potent  than  in  the  second  and  third  chambers,  the 
nitrogen  should  be  in  a  higher  state  of  oxidation  than  in  the  latter 
chambers.  It  is  therefore  to  be  considered  a  fact  that  the  nitrogen 
oxides  present  in  the  last  chambers  correspond  essentially  to  the 
composition  of  nitrogen  trioxide,  accompanied  in  the  first  chamber  by 
nitric  oxide,  NO. 

Another  set  of  five  experiments  was  made  in  this  manner,  that  the 
quantity  of  nitre  was  increased  far  beyond  the  normal  measure,  so 
that  a  large  volume  of  yellow  vapours  escaped  from  the  Gay-Lussac 
tower.  Under  these  anomalous  circumstances,  free  nitrogen  per- 
oxide was  found  in  the  third,  but  never  in  the  second  chamber. 
The  chambers  therefore  contain  free  nitrogen  peroxide  only  when  the 

♦  The  expression  **free  nitrogen  peroxide,"  in  this  and  every  subsequent  case, 
means  that  portion  of  NO^  which  is  in  excess  over  that  which  is  necessan-  to 
form  N2O3  with  NO. 
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supply  of  nitre  is  abnormally  high  *.  The  formation  of  nitrogen 
peroxide  must  be  regarded  as  a  secondary  reaction^  brought  about 
in  the  following  way  : — With  an  abnormally  high  supply  of  nitre 
the  oxidation  of  SOj  into  H2SO4  is  almost  entirely  finished  in  the 
first  chambers^  as  far  as  it  can  be  driven  (which  is  never  up  to  the 
entire  extinction  of  SO2).  There  is  hence  very  little  sulphuric 
acid  floating  about  as  mist  in  the  last  chamber^  and  there  is  thus  no 
impediment  to  the  oxidation  of  KO  going  on  to  N02>  which^  as  we 
shall  see,  does  not  take  place  in  the  presence  of  sulphuric  acid. 
Moreover^  the  SO2  still  present  in  the  cases  here  treated  is  of  such 
minimal  quantity  (0*0004  to  0*002  per  cent.)>  that  its  reducing 
action  can  scarcely  be  expected  to  be  felt.  The  conclusion  to 
be  drawn  from  M.i\n&\%t\iVit  free  nitrogen  peroxide^  being  absent  in 
normally  working  chambers,  cannot  take  amj  essential  part  in  the 
formation  of  sulphuric  acid  in  the  vitrioUchambers, 

When  speaking  throughout  this  work  of  '^  normally  '^  and  '^  ab- 
normally '^  working  chambers,  I  mean  those  terms  as  understood 
at  all  English  and  German  workS)  with  a  chamber-space  of  at 
least  16  cubic  feet  per  lb. of  sulphur.  In  the  '^forced  or  high-pressure 
style  "  {production  intense)  practised  at  a  few  French  works,  where  so 
much  acid  is  produced  in  the  chambers  that  only  12  cubic  feet  of 
chamber-space  are  allowed  per  lb.  of  sulphur,  an  excessively  large 
supply  of  nitre  must  be  given,  which  at  all  other  works  would  be 
called  ^'  abnormally  high  /'  but  certainly  is  not  so  under  those  ex- 
ceptional circumstances.  This  leads  to  the  regular  appearance  of 
nitrogen  peroxide  in  the  last  chamber,  and  perhaps  even  of  nitric  acid 
in  the  nitrous  vitriol  of  the  Gay-Lussac  tower.  Sorel's  statements 
in  this  respect  are  made  uncertain  by  the  fault  in  the  analytical 
method  employed  by  him  (comp.  above,  p.  727,  footnote),  which 
would  tend  to  make  the  proportion  of  nitric  acid  larger  than  it 
was  in  reality. 

Special  experiments  made  by  Lunge  and  N  aef  proved  the  following 
important  facts : — 1.  Even  with  an  abormally  low  percentage  of 
oxygen  in  the  exit-gases  (4  per  cent.)  the  formation  of  free  NO2 
takes  place  when  an  excess  of  nitre  is  sent  into  the  chambers. 
2.  Even  with  an  abnormally  high  percentage  of  oxygen  in  the 
exit-gas  (8*18  to  9*19  p^r  cent.)  no  free  NO2  is  formed  when  the 
supply  of  nitre  has  been  a  normal  one.     This  shows  that  the 

♦  Of  course  footnote  t  on  p.  728,  concerning  the  expression  "  free  nitrogen 
peroxide/'  applied  here  as  well. 
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quantity  of  air  sent  into  the  chambers  has  no  influence  whatever 
upon  tfie  formation  of  free  nitrogen  peroxide,  which^  on  the  contrary, 
is  exclusively  caused  by  an  excess  of  nitre. 

In  Lunge  and  NaePs  paper  there  follow  experiments  on  the 
losses  of  nitrogen  compounds,  which  will  be  mentioned  later 
on,  and  then  experiments  on  the  distribution  of  the  gases  and 
the  progress  of  the  process  in  the  chambers.  For  this  purpose 
eight  sets  of  absorbing-tubes  were  fixed  in  various  parts  of  the 
chambers,  three  of  which  were  always  worked  simultaneously ;  in 
each  place  at  least  20  litres  of  gsuses  were  aspirated  for  every  test, 
the  whole  being  finished  within  5  or  6  hours.  Five  different 
complete  sets  of  such  observations  were  made,  comprising  both 
normal  working  and  shortness  of  nitre  in  the  chamber. 

It  would  be  too  lengthy  to  give  all  the  details  of  the  analyses ; 
they  prove  the  following  facts  : — When  the  chambers  are  working 
in  a  normal -way,  the  percentage  of  SO^  in  the  gases  decreases  very 
quickly,  and  in  the  middle  of  the  first  chamber  has  already  fallen 
from  7  to  1'7-1'9  per  cent.,  so  that  about  70  per  cent,  of  SOj 
must  have  been  converted  into  sulphuric  acid.  From  here  to  the 
end  of  the  first  chamber  there  is  very  little  action,  and  only  4  per 
cent,  of  the  original  SO2  is  here  absorbed.  When  entering  into 
the  second  chamber  the  reaction  is  suddenly  revived,  and  in  its 
middle  the  gases  contain  only  0*2  to  0*4  per  cent,  of  SO^,  20  per 
cent,  of  the  initial  SO3  being  absorbed  here. 


lOOVc 


Fig.  309. 
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Fig.  310. 
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From  this  point  to  the  end  of  the  set  the  oxidation  proceeds 
very  slowly,  and  never  to  the  point  of  absolutely  extinguishing 
the  SO3.  The  diagrams,  figs.  309  &  310,  show  this  both  for  the 
normal  working  order   (in  the  thick  line)  and  for  working  short 
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of  nitre  (the  thin  line) — the  horizontal  lines  corresponding  to  the 
length  of  the  chambers^  the  perpendicular  lines  to  the  percent, 
oxidation  of  SOj  into  H2SO4.  There  is  also  a  dotted  curve  added, 
representing  the  progress  of  the  process  according  to  Hurter's 
theory  (comp.  below),  which  is  seen  to  agree  much  better  with  the 
normal  than  the  anomalous  style  of  working.  This  agreement 
comes  out  still  better  in  fig.  t310,  representing  the  results  obtained 
in  another,  intermediate,  testing-place. 

These  experiments  for  the  first  time  established  a  fact,  subse- 
quently confirmed  by  all  similar  observations,  the  whole  import- 
ance of  which  will  appear  below,  viz.,  that  the  conversion  of  SO3 
into  H3SO4  takes  place  very  quickly  as  far  as  the  middle  of  the  first 
chamber,  then  slackens  very  much,  but  is  suddenly  revived  when  the 
yases  pass  from  this  into  the  next  chandfer.  This  fact  was  at  the 
time  explained  merely  by  a  better  mixture  of  the  gases,  but  we 
shall  see  that  this  explanation  should  be  supplemented  by  other, 
and  perhaps  even  more  important  considerations ;  and  it  has  formed 
the  first  basis  for  the  practical  improvements  proposed  by  myself, 
as  described  above  (pp.  478  et  seq,). 

The  observation  made  by  Lunge  and  Naef  at  the  Uetikon  works, 
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that  the  reactions  after  slackening  in  the  last  part  of  the  first 
chamber  experience  a  sudden  revival  when  the  gases  pass  into 
the  next  chamber,  has  been  confirmed  by  later  observations  of 
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Naefs  at  the  British  Alkali- Works  at  Widnes  (Chem.  Ind.  1885, 
p.  285),  by  Schertel  at  the  Freiberg  Works  {ibid.  1889,  p.  80, 
and  Sachs.  Jahrb.  f.  Berg-  und  Hiittenwesen,  1890,  p.  188),  by 
Sorel  (Zeitschr.  f .  angew.  Ch.  1889,  p,  270) ,  and  Retter  (Zeitsch. 
f.  angew.  Ch.  1891,  p.  4),  and  this  must  be  looked  upon  as  an  esta- 
blished fact,  the  consequences  of  which  for  the  theory  of  the 
vitriol-chamber  process  will  be  mentioned  later  on. 

Another  set  of  experiments  referred  to  the  question  haw  far  the 
gases  get  mixed  up  in  their  progress  through  the  chamber.  For  this 
purpose  the  gas  was  aspirated  and  tested  simultaneously  from 
three  places,  lying  in  the  same  vertical  line  in  the  side  of  the  first 
chamber,  with  the  results  given  in  the  table  on  the  preceding  page 
(ff  =  top;  A = middle;  c= bottom). 

The  differences  in  composition  found  between  a,  6,  and  c  here 
are  certainly  but  slight. 

For  the  following  experiments  three  lead  tubes  were  passed 
through  the  chamber-top  in  the  centre  line,  on  the  same  cross 
section  as  the  place  on  the  sides  on  which  the  points  a,  6,  c  were 
situated,  the  three  inner  tubes  reaching  down  to  the  same  vertical 
height  as  the  points  a,  h,  c.  Oas-tests  were  taken  at  all  six  points 
at  the  same  time,  with  the  following  results : — 
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The  difference  in  the  composition  of  the  gases  here  also  is  much 
slighter  than  was  formerly  assumed.  More  especially  it  was  found 
that,  contrary  to  former  theories,  the  SO2  is  almost  uniformly  dis- 
tributed at  top,  middle,  and  bottom.  But  it  must  be  mentioned  that 
there  was,  without  any  exception^  considerably  less  SO,  found  at 
the  outside  places,  near  the  chamber-walls,  than  in  the  centre  of  the 
chamber.  This  was  noticed  by  Lunge  and  Naef  at  the  time  (/.  c. 
p.  17) ;  they  distinctly  state  that  it  proves  that  the  reaction  between 
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SO3  and  O  is  rather  stroager  near  the  walls  than  in  the  centre  of 
the  chamber.  A  full  explanation  of  this  fact  was  only  given 
several  years  later. 

A  last  set  of  tests^  in  three  places  one  above  another  in  the  first 
quarter  of  the  first  chamber^  showed: — 
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The  entering  gases  had  contained  6*6  per  cent.  SO^^  so  that 
at  this  place  already  about  50  per  cent,  of  the  SO2  had  vanished 
only  30  feet  from  the  front  end  of  the  chamber. 

All  these  experiments  (with  which  the  observations  of  tempera- 
turesy  p.  716  et  seq,,  agree)  prove  that  the  gases  within  the  chamber 
are  very  quickly  mixed  up,  whatever  may  be  the  cause  of  this,  but 
that  the  mixture  is  not  an  absolutely  equal  one ;  there  is  always 
more  SO2  in  the  central  part  of  the  chamber  than  on  the  outside, 
or  at  top  and  bottom.     Better  (comp.  p.  727)  confirms  this. 

It  must  be  especially  insisted  on  that  the  difierences  between 
the  analyses  of  various  samples  of  gases  are  far  greater  than 
can  be  accounted  for  by  analytical  errors  or  by  the  inaccuracy 
of  the  methods  ;  it  was  distinctly  proved  that  in  some  parts  of  the 
same  transverse  section  there  is  more  SO2,  in  some  more  O,  in 
some  more  nitre,  and  it  must  be  inferred  without  a  shadow  of  doubt 
that  there  is  in  some  places  more  moisture  than  in  other  parts  of 
that  section.  Anybody  who  has  experienced  the  difSculty  of  com- 
pletely mixing  two  currents  of  gases  even  when  experimenting  on 
a  veiy  small  scale  will  regard  this  as  a  matter  of  course.  Those^ 
therefore,  who  contend  that  Lunge  and  Naef's  analyses  prove  an 
absolutely  uniform  composition  of  the  gases  in  the  same  section 
of  the  chamber,  and  who  from  this  infer  the  uselessness  of  a 
more  intimate  mixture,  are  altogether  wrong,  the  above  conten- 
tion being  erroneous;  Schertel  himself  (Sachs.  Jahrb.  1890, 
p.  144),  who  had  formerly  adhered  to  the  just-mentioned 
opinion,  afterwards  found  that  the  mixture  of  the  gases  is  not 
at  all  absolutely  perfect. 
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Thas  Lunge  and  NaePs  observations  have  refuted  all  the  various 
theories  according  to  which  the  sulphuric-acid  making  process 
either  takes  place  principally  close  to  the  bottom-acid  (H.  A. 
Smith)  or  immediately  below  the  top  of  the  chamber  (Mactear). 
They  are,  however,  altogether  compatible  with  SoreFs  view 
(comp.  below),  which  demands  a  stronger  formation  of  acid  near 
the  chamber- walls,  and  with  the  views  of  Abraham  (Dingl.  Journ. 
1882,  vol.  245,  p.  416),  concerning  the  path  taken  by  the  gases 
within  the  chambers. 

After  refuting  the  opinion  pronounced  by  Schwarzenberg, 
according  to  which  the  bumer^gases  at  once  rise  to  the  top  of  the 
chamber,  and  then  gradually  sink  down  in  nearly  horizontal  layers, 
Abraham  states  his  own  ideas  as  follows : — ^The  burner-gas,  on 
entering  the  first  chamber,  meets  a  gaseous  mixture  whose  tem- 
perature and  composition  differ  but  little  from  its  own ;  it  there- 
fore spreads  all  over  the  front  part  of  the  chamber  from  top  to 
bottom,  and  is  slowly  propelled  by  the  draught  along  the  chamber 
all  over  its  transverse  section.  The  formation  of  sulphuric 
acid  also  takes  place  regularly  and  equally  at  all  points  of  each 
transverse  section,  taken  at  right  angles  to  the  length  of  the 
chamber,  first  rapidly,  then  more  slowly.  (This  part  of  Abraham's 
theory  cannot  be  accepted.)  The  heat  produced  by  the  reaction 
raises  the  temperature  of  the  interior,  whilst  at  the  side  walls  and 
the  tops  this  heat  is  carried  off  by  radiation  outside.  Thus  is 
produced  a  difference  in  the  temperature  and  the  density  of  the 
gases  which  must  lead  to  their  rising  in  the  centre  of  the  longi- 
tudinal section,  and  to  their  descending  along  the  sides  of  the 
chamber.  Since  the  cause  of  this  difference  of  temperature  is  a 
constantly  acting  one,  the  just  described  movement  goes  on 
through  the  length  of  the  chamber,  and  is  modified  only  at  the 
ends,  both  through  their  own  cooling  action,  and  through  the  con- 
traction of  the  current  produced  by  the  connecting-pipes.  Thus 
the  gases  travel  in  vertical  layers  at  right  angles  to  the  length  of  the 
chamber,  from^  the  front  to  the  back  end,  but  each  single  gaseous 
molecule  describes  a  spiral  line,  whose  axis  is  parallel  to  the  length 

of  the  chamber. 

This  is  of  course  only  a  general  expression  of  the  path  of 
the  <yases  within  the  chambers,  and  is  modified  locally  by  special 
circumstances;  but  it  accounts  for  the  approximate  equality 
of  the  composition  of  the  gases  and  temperatures  observed  in 
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Lunge  and  Naef  s  and  even  in  Mactear's  experiments ;  Abraham's 
conception  may  therefore  be  accepted  as  an  approximation  to  the 
truth. 

Carbon  dioxide  in  Chamber-gases, 

It  is  generally  assumed  by  manufacturers  that  carbonic  acid 
exercises  a  very  injurious  action  in  the  lead  chambers^  and  it  is 
principally  on  this  account  that  ^'  coal-brasses''  are  not  considered 
a  good  raw  material  for  the  production  of  sulphuric  acid  (pp.  41^ 
328).  If  this  is  really  the  case^  it  is  all  the  easier  to  understand 
why  the  proposals  for  filling  the  lead  chambers  with  coke  have  been 
unsuccessful.  The  reason  why  it  should  be  so  is  not  yet  clear. 
Some  practical  men  assume  that  the  CO2  forms  distinct  layers^ 
preventing  the  intimate  contact  of  the  gases  with  each  other  and 
with  the  bottom-acid  ;  but  I  am  not  aware  of  any  direct  obser- 
vations  on  this  pointy  except  in  one  case  where  blende  containing 
very  much  carbonates  was  worked,  when  it  was  found  by  many 
gas-analyses  that  the  carbonic  acid  accumulated  in  the  corners  and 
other  ^'  dead  "  places,  whilst  the  main  stream  of  the  gases  contained 
much  less  CO2.  This  subject  ought  to  be  further  investigated,  espe- 
cially as  I  know  of  a  Bohemian  works  where  sulphuric  acid  is  made 
li'om  material  containing  10  per  cent,  of  bituminous  substances, 
without  any  special  trouble  being  experienced. 

Duration  of  passage  through  the  Chambers, 

Calculations  have  been  made  as  to  how  long  the  gases  remain  in 
the  lead  chambers  before  the  manufacture  of  sulphuric  acid  is  com- 
plete. This  subject  is  treated  at  length  in  our  first  edition,  vol.  i. 
p.  455  et  seq. ;  here  we  will  only  mention  that  Schwarzenberg 
calculates  that  the  gases  pass  through  the  chambers  in  5f  hours, 
Bode  that  they  take  3f  hours,  and  I  myself  (assuming  a  chamber- 
space  of  20  cubic  feet  per  lb.  of  sulphur  and  burner-gases  with 
8  per  cent.  SO2)  reckon  2f  hours.  It  is  also  there  calculated 
that,  assuming  a  consumption  of  4  parts  of  pure  sodium  nitrate  to 
100  parts  of  sulphur  burnt;  the  nitre-gas  does  its  oxygen-carrying 
work  130  times  over  before  it  is  lost  in  some  shape  or  another. 
Sorel  calculates  that  in  a  system  working  on  the  "  high-pressure  " 
plan,  with  only  0*7  cubic  metre  per  kil.,  or  11*2  cubic  feet  per  lb.  of 
sulphur  burnt  (in  winter),  the  gases  take  only  1  hour  34  minutes 
to  pass  through  the  chambers. 
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Testing  the  Chamber-exits. 

Apart  from  the  ultimate  check  on  the  process  afforded  by 
frequent  estimations  of  the  yield  of  acid  and  the  coDsumption  of 
nitre^  of  which  we  shall  speak  later  on^  it  is  very  desirable^  and  is 
indeed  now  required  by  law^  to  control  the  quantity  of  acids 
escaping  from  the  vitriol-chambers  into  the  atmosphere.  So  far 
as  ^'  low-level  escapes''  are  concerned,  that  is  the  gas  blowing  out  of 
pyrites-kilns,  potting-holes,  accidental  leaks  in  the  chambers,  and 
so  forth,  it  is  not  possible  to  estimate  them  directly ;  but  it  is  just 
these  kinds  of  escapes  that  are  most  readily  perceived,  and  although 
they  may  be  very  troublesome  to  those  residing  in  the  immediate 
neighbourhood,  they  hardly  ever  amount  to  any  considerable  per- 
centage of  the  sulphur  burned. 

It  is  very  different  with  the  gases  escaping  from  the  end  of  the 
whole  system  into  the  atmosphere,  whether  it  be  through  a  simple 
pipe  or  a  Gay-Lussac  tower,  or  the  chimney.  These  "  high-level 
escapes ''  may  cause  a  serious  manufacturing  loss,  and  they  may 
also  amount  to  a  real  nuisance  for  a  somewhat  wide  circle  round 
the  works,  although  in  most  instances  only  temporarily,  especially 
in  unfavourable  weather.  Before  the  introduction  of  nitre- 
recovery  apparatus  the  loss,  both  of  the  acids  of  sulphur  and  those 
of  nitrogen,  must  have  been  far  more  considerable  than  now,  as 
the  whole  style  of  working  inevitably  tended  in  that  direction 
(comp.  p.  697) ;  but  nothing  certain  can  be  stated  with  regard  to 
this,  as  no  observations  on  the  acidity  of  chamber-exits  were 
formerly  made,  and  at  present  all  well-arranged  works  do  recover 
their  nitre.  In  this  case  the  losses  will  not  be  quite  so  serious, 
but  they  do  exist  all  the  same,  and  that  to  a  greater  extent  than 
was  formerly  supposed. 

Among  the  first  who  drew  attention  to  the  necessity  of  regularly 
testing  the  chamber-exits  for  their  acidity  were  Mactear  (Chem. 
News,  vol.  XXX vi.  p.  49)  and  G.  E.  Davis  (ibid.  vol.  xli.  p.  188) . 

Control  of  the  acids  escaping  from  the  chambers  into  the 
atmosphere  has  been  made  compulsory  in  England,  since,  in 
1881,  it  was  enacted  by  law  that  the  total  quantity  of  sulphur 
acids  escaping  from  an  alkali- works  should  not  exceed  four  grains 
per  cubic  foot,  expressed  in  terms  of  sulphuric  anhydride,  SOg 
(Sec.  8  of  the  Act).  About  nitrogen  acids  or  nitric  oxide  nothing 
is  enacted,  probably  because  the  quantity  escaping  from  alkali- 
works  is  never  so  great  as  to  cause  a  nuisance,  but  it  is  all  the 
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more  important  for  the  manufacturer  himself  to  know  how  much 
nitre  he  is  losing  in  this  shape;  moreover,  in  testing  the  chamber- 
exits  it  is  but  little  additional  trouble  to  include  the  nitrogen  acids. 

In  Germany,  by  an  order  in  Council  of  July  1st,  1898,  the 
maximum  amount  of  total  acids  in  the  exit-gases  of  works  burning 
pyrites  has  been  fixed  at  5  grams,  from  blende  8  grams  per  cubic 
metre,  calculated  as  SO3. 

The  Government  Inspector'a  Reports  show  that  the  real  escape 
of  acid  gases  from  the  exits  of  sulphuric-acid  works  is  far  below 
the  maximum  prescribed  by  the  Act.  The  acids  escaping,  calcu- 
lated in  grains  of  SO3  per  cubic  foot,  were  in  1887,  1*500;  in 
1888,  1-490;  in  1889,  1-370;  in  1900,  1-198;  in  1901,  1-186. 

It  seems  to  be  lawful,  where  the  gases  cannot  be  sufficiently 
diluted  down  to  the  standard  escape  by  means  of  fuel  gases  from 
other  parts  of  the  process,  to  do  this  by  atmospheric  air  admitted 
to  the  chimney  (Alkali  Inspector's  Report  No.  38,  p.  76 ;  comp. 
9upra,  p.  371). 

Two  systems  may  be  employed  for  controlling  the  acid  escapes — 
that  of  taking  several  separate  tests  through  the  day,  and  that  of 
continuously  aspirating  some  of  the  gas  through  a  set  of  absorbing, 
apparatus,  and  measuring  the  quantity  of  gas  passed  through  them. 

The  unreliability  of  the  first  system  is  too  patent  to  be  enlarged 
upon ;  it  is  hardly  applicable  at  all  to  night-work,  to  begin 
with.  Hence  the  continuous-testing  system  has  been  generally 
adopted,  and  this  at  many  works  in  the  very  complete  shape  given 
to  it  by  Mr.  Mactear  [loc.  cit.).  His  apparatus  consists  of  a 
water-jet  pump  (of  the  system  invented  by  Dr.  Sprengel,  but 
commonly  called  ^^Bunsen  pump")  for  aspirating  the  gases,  a 
set  of  absorbing-tubes,  and  a  gas-meter  to  measure  the  volume  of 
the  residual  gases  after  absorption.  The  whole,  including  the 
cocks  and  connections,  is  enclosed  in  a  locked  closet  to  prevent 
their  being  tampered  with.  The  meter  is  fixed  with  an  index  so 
arranged  that  by  observing  the  reading  for  one  minute  the  rate  of 
passage  per  hour  is  given  by  direct  indication,  so  that  the  rate  of 
aspiration  is  easily  arranged.  Mactear  at  that  time  proposed 
caustic  soda  and  ammonia  as  absorbents,  to  be  titrated  for  SO2 
with  permanganate ;  but  this  would  yield  quite  wrong  results,  far 
below  the  truth,  as  sodium  sulphite  is  rapidly  oxidized  by  the 
oxygen  passing  through  the  solution. 

M actear's  apparatus  is  very  efficient,  but  it  is  very  costly,  and 
VOL.  I.  3  b 
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any  such  delicate  apparatus  ae  a  gas-meter  is  very  liable  to  get  out 
of  order  in  such  proximity  to  acid  vapours.  Hence  at  most  places 
cheaper  and  simpler  forms  of  aspirators  have  been  adopted. 
One  of  the  simplest  is  represented  in  fig.  311.  It  consists  of 
tvo  glass  bottles,  I.  and  II.,  each  proyided  with  a  twice-perforated 
india-rubber  cork,  through  which  passes  ooe  elbow-tube  {a,  b) 

Fig.  811. 


ending  just  helow  it,  and  another  (c,  d)  reaching  down  to  the  bottom 
of  the  bottle.  The  tubes  c  and  d  are  connected  with  an  elastic 
tube ;  another  such  tube  connects  either  a  or  &  with  the  absorbing- 
apparatus.  One  of  the  bottles,  say  I.,  is  placed  so  that  its  bottom 
is  raised  above  the  top  of  II.  If  now  b  is  connected  with  the 
absorbing-apparatus,  and  the  air  is  sucked  from  a  for  a  moment, 
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the  siphon  formed  by  c^  d  and  the  elastic  tube  begins  to  run,  gas 
being  aspirated  from  b.  When  the  contents  of  I.  are  run  out,  the 
elastic  tube  is  detached  from  b,  the  position  of  the  bottles  is  re- 
versed so  that  II.  now  stands  higher^  and  the  elastic  tube  is  put 
upon  a\  the  connection  between  c  and  d  is  not  touched.  Usually 
the  siphon  b^ns  to  act  again  of  its  own  accord ;  otherwise  it 
is  started  by  sucking  for  a  moment  at  a.  The  quantity  of 
water  running  out  of  the  bottles  at  each  turn  is  determined  once 
for  all. 

The  plan  just  described  has  the  drawback  of  requiring  an  atten- 
dant to  change  the  position  of  the  bottles,  and  is  hence  hardly 
convenient  enough  for  continuous  testing.  For  this  purpose,  if  a 
meter  is  to  be  dispensed  witli,  a  vessel  of  large  capacity,  say  several 
cubic  feet,  should  be  provided,  sufficient  to  serve  for  24  hours 
without  special  attendance.  Such  a  vessel  can  be  made  of  glass, 
stoneware,  or  wood  lined  with  lead ;  it  should  be  cylindrical  and 
provided  with  a  gauge  for  measuring  the  height  of  the  water 
within ;  in  order  to  act  quite  equally  it  should  be  on  the  principle 
of  a  Mariotte's  bottle,  as  described  on  p.  517.  The  form  adopted 
by  Younger  (J.  Soc.  Chem.  Ind.  1887,  p.  347)  has  no  special 
advantages. 

An  excellent  apparatus  has  been  described  by  W.  G.  Strype 
(Trans.  Newc.  Chem.  Soc.  1880,  vol.  iv.  p.  357).  We  will  here 
give  a  description  of  it,  abridged  from  the  inventor's  own  words, 
with  two  drawings,  figs.  312  and  313,  showing  it  in  two  different 
conditions ;  but  it  is  unnecessary  to  say  that  some  details,  such  as 
the  absorbing-apparatus,  may  be  varied  without  any  detriment  to 
the  principle. 

Fig.  312  shows  it  in  the  process  of  being  charged  with  water 
and  having  the  old  solution  removed ;  and  in  fig.  313  it  is  shown 
as  in  ordinary  work.  The  measuring- vessel  E  is  of  some  5  cubic 
feet  capacity.  The  supply  of  water  to  charge  this  vessel  is  througli 
the  cock  A,  communicating  with  the  vessel  by  means  of  the  large 
pipe  B,  C,  which  is  carried  up  to  the  open  end  at  D,  and  to  such  a 
height  as  to  ensare  that  too  much  pressure  is  not  thrown  on  the 
apparatus  when  it  is  being  charged ;  if  too  much,  of  course  the 
water  will  overflow  at  the  open  end  D.  The  air  or  residual  gas 
remaining  in  the  measuring-vessel  after  each  period  of  absorption 
escapes,  when  it  is  being  refilled,  through  the  tube  a  a*  a"  into  the 
lower  vessel  F,  under  the  pressure  of  a  small  head  of  water  of 
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Fig.  312. 
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about  one  foot^  and  as  the  escaping  air  communicates  by  means  of 
the  tube/&  V  with  the  test-bulbs,  the  pinch-cock  at  c  being  opened^ 
the  small  pressure  thus  expels  the  old  absorbing-solution  as  shown 
in  fig.  312.  When  the  vessel  E  is  fuU^  the  old  absorbing-solution 
being  driven  out  of  the  bulbs,  the  cock  A  is  shut,  and  the  exces- 
sive  water  drains  away  from  the  small  drip-pipe  d,  thus  emptying 
all  the  connections  to  the  condition  shown  in  fig.  312;  and  the 
pinch-cock  at  c,  and  also  the  regulating  pinch-cock  on  the'pipe  at 
Cy  which  communicates  with  the  chamber-exit,  being  closed,  the 
flow  ceases,  and  equilibrium  is  established  by  the  apparatus  being 
under  the  small  vacuum  due  to  the  head  of  water  in  the  vessel  £ 
over  the  open  drip-pipe  d.  The  pinch-cock  c  is  now  opened,  and 
the  india-rubber  tube  hanging  from  it  is  dipped  into  a  beaker  con- 
taining the  test  solution,  which  is  now  drawn  up  into  the  bulbs  by 
the  vacuum.  When  the  charge  is  complete  the  pinch-cock  at  c  is 
closed,  and  the  regulating  pinch-cock  e  opened  to  the  required 
extent  so  as  to  admit  the  escaping  gases  from  the  chamber-exit  to 
enter  the  apparatus  ;  and  absorption  of  the  acids  follows,  to- 
gether with  accurate  measurement  of  the  volume  dealt  with  ;  the 
residual  gas  passes  into  the  measuring-vessel  through  the  tubes 
y  b,  f  P  /".  The  latter  tube  is  carried  down  at  /'"  close  to  the 
bottom  of  the  vessel  E,  in  order  to  secure  a  uniform  flow  of  gas 
with  the  varying  head  due  to  the  gradually  diminishing  level  of 
water  in  the  vessel,  in  the  manner  too  well  known  to  need  further 
reference,  and  it  is  to  secure  this  point  that  a  difficulty  arises  in 
arranging  such  an  apparatus.  The  tube  a  J  a"  must  be  sealed  off 
when  the  apparatus  is  at  work  if  the  flow  of  escape  through  the 
absorbing-solution  is  to  be  at  a  uniform  rate,  and  this  is  accom- 
plished by  a  very  simple  plan.  Upon  turning  on  the  water  at  A  to 
charge  the  apparatus,  the  water  runs  down  a  cly  and  when  as  low  as 
the  inclined  pipe  at  /,  air  glides  upwards,  and  the  small  quantity 
of  water  in  the  inclined  pipe /also  drains  away;  without  this  con- 
trivance there  would  be  a  small  quantity  of  water  driven  over  into 
the  test-bulbs  each  time  the  apparatus  was  charged,  but  the  tube 
being  placed  in  a  diagonal  direction  entirely  prevents  this. 

The  proportions  and  relative  positions  of  the  various  parts  are 
accurately  shown  to  scale  in  the  drawings,  and  it  is  important  this 
should  be  carefully  attended  to  in  constructing  the  apparatus. 

The  arrangement  to  contain  the  absorbing-solution  consists  of 
a  series  of  30  bulbs,  each  about  1^  inch  diameter,  with  small  and 
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short  necks  between  them :  the  bulbs  are  made  in  sets  of  10 
each ;  three  sets  are  coupled  together  with  small  pieces  of  india- 
rubber  tubings  and  the  charge  of  300  c.c.  occupies  about  22  of 
them^  leaving  a  little  free  space  in  the  upper  part  of  each.  A  large 
bulb  of  some  4  inches  diameter  is  placed^  as  showu^  at  the  head 
of  the  bulbs^  to  catch  any  of  the  absorbing-solution  in  case  it 
should  be  drawn  up  through  all  the  smaller  bulbs  hj  accidentally 
turning  on  the  flow  of  gas  with  too  much  violence  in  starting 
the  apparatus.  The  solution  used  in  this  way  contains  100  c.c. 
normal  caustic  soda^  diluted  to  300  c.c.  coloured  with  litmus^. 
The  drain-pipe  d  is  always  open  and  is  of  small  aperture,  but 
sufficient  to  more  than  carry  away  the  water  as  it  drains  from  the 
measuring- vessel  in  ordinary  workings  and  thus  a  constant  vacuum 
is  maintained. 

The  apparatus  is  preferably  constructed  of  glass^  with  india- 
rubber  junctions ;  but  of  course  it  can  just  as  well  be  made  with 
an  iron  or  lead  measuring-vessel  and  lead  pipes^  a  water-gauge 
being  employed  to  observe  the  level  of  the  water  in  E. 

The  staunchness  of  all  the  parts  is  ascertained^  when  the  appa- 
ratus has  just  been  charged^  by  shutting  off  the  piuch-cocks  c 
and  e,  and  seeing  that  no  water  drains  from  the  open  pipe  d.  In 
charging^  the  water  freely  flows  from  d,  but  the  aperture  being 
small  this  does  not  appreciably  interfere  with  the  filling  of  the 
vessel  E. 

Whatever  be  the  system  of  aspirating  the  gases^  they  must 
be  passed  through  certain  solutions  to  absorb  the  acids  contained 
therein  as  completely  as  possible.  The  different  acid  compounds 
of  sulphur  are  estimated  together^  as  well  as  those  of  nitrogen^ 
whatever  degree  of  oxidation  they  may  possess.  The  following 
prescriptions  agree  in  the  main  with  those  worked  out  by  Hurter 
and  published  by  the  British  Alkali  Makers'  Association  in 
1878;  they  are  recorded  in  Lunge  and  Hurter's  'Alkali  Maker's 
Pocket-book/  2nd  edition,  pp.  118,  119.  A  continuous  test  over 
24  hours  is  taken  of  the  gases  escaping  from  the  exit-pipes  of  the 
Gay-Lussac  towers,  aspirating  at  least  one  cubic  foot  per  hour  by 
means  of  any  aspirator  acting  at  a  constant  rate,  and  recording 

*  Methyl-orange  should  not  be  used  in  this  case,  ns  it  is  destroyed  by  the 
nitrous  acid  present. 
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the  volume  of  gas  ( =  V)  by  means  of  gaugiug  the  aspirator  or  by 
a  gas-meter.     The  volume  V  is  reduced  to  QP  C.  and  760  mm. 
pressure  (  =  32°  F.  and  29*92  inches)   by  the  tables  contained  in 
the  *  Pocket-book/  pp.  28  et  seq,*,  and 
is  now  called  V.     In  order  to  allow 
comparisons,  the  number  of  cubic  feet 
of  chamber-space  per  pound  of  sulphur 
burnt  and  passing  into  the  chambers 
is  recorded,  excluding  towers,  but  in- 
cluding tunnels,  the  amount  of  sulphur 
being   taken   by    the   weekly  average, 
stating  the  distance  of  the  testing-hole 
from  the  point  at  which  the  gases  leave 
the  Gay-Lussac  towers.     The  absorp- 
tion-apparatus consists  oH  four  bottles 
or  tubes  (fig.  314 1)^  containing  each 
not  less  than    100  c.c.  of  absorbing- 


liquid^  with  a  deplh  of  at  least  3  in. 
in  each  bottle,  the  aperture  of  inlet- 
tubes  not  to  exceed  -'q  inch  in  diameter 
and  to  be  measured  by  a  standard  wire. 
The  first  three  bottles  contain  each 
100  c.c.  of  normal  caustic-soda  solu- 
tion (31  grams  per  litre),  the  fourth 
100  c.c.  distilled  water.  The  caustic 
soda  must  be  free  from  nitrogen  acids. 
The  gases  are  tested  (1)  for  total 
acidity,  stated  in  grains  of  SO3  per 
cubic  foot  of  gas,  or  else  in  grams 
per  cubic  metre ;  (2)  sulphur  acids ; 
(3)    nitrogen    acids — both    stated    in 

grains  of  S  and  N  per  cubic  foot  (or  grams  per  cubic  metre). 
The  analysis  is  carried  out  as  follows  : — The  contents  of  the  four 
bottles  are  combined,  taking  care  not  to  unnecessarily  augment  the 
bulk  of  the  liquids,  and  are  divided  into  three  equal  parts,  one  of 

*  Tho  law  pre«»cribe8  tho  cubic  foot  to  be  measured  at  60°  F.  and  30  incbea, 
which  necessitates  the  use  of  other  tables  or  factors  than  those  mentioned  in 
the  text,  but  the  diifereuce  is  hardly  perceptible,  and  is  within  the  limits  of 
experimental  error. 

1"  Taken  from  Juriscb,  *  Scbwefelsaurefabrikation,'  p.  224. 
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which  is  reserved  for  accidents  &;c.  The  first  part  is  titrated  with 
normal  sulphuric  acid  (49  grams  HsS04  per  litre)  to  ascertain 
total  acidity.  The  number  of  c.c.  of  acid  necessary  for  neutral- 
ization is  called  x.  The  second  part  of  the  liquid  is  gradually 
poured  into  a  warm  solution  of  potassium  permanganate^  strongly 
acidified  with  pure  sulphuric  acid.  A  small  excess  of  perman- 
ganate must  be  present,  and  must  be  afterwards  reduced  by  the 
addition  of  a  few  drops  of  sulphurous-acid  solution,  until  only  a 
faint  red  tint  is  visible.  Now  all  nitrogen  acids  are  present  as 
HNO,,  but  no  excess  of  SOj.  The  HNOa  is  estimated  by  its 
action  on  FeS04.  25  c.c.  of  a  solution,  containing  per  litre 
100  grms.  of  crystallized  ferrous  sulphate  and  100  grms.  pure 
sulphuric  acid,  are  put  into  a  flask,  20  to  25  c.c.  pure  concen- 
trated sulphuric  acid  is  added,  the  mixture  is  allowed  to  cool,  and 
the  other  mixture,  treated  with  permanganate  &c.,  is  added.  The 
flask  is  closed  by  a  cork  with  glass  tubes.  A  current  of  CO3 
passes  through  and  issues  beneath  the  surface  of  some  water,  to 
prevent  entrance  of  air.  First,  all  the  air  is  expelled  in  this 
way  by  an  apparatus  evolving  CO3  by  constant  action  ;  then  the 
solutions  are  introduced,  and  the  contents  of  the  flask  are  heated 
to  boiling,  till  the  dark  colour  produced  by  the  formation  of  NO 
has  changed  to  a  clear  light  yellow.  This  lasts  a  quarter  of  an 
hour  to  one  hour,  according  to  the  quantity  of  HNO3  present  and 
that  of  the  sulphuric  acid  added.  The  unoxidized  ferrous  sul- 
phate is  titrated  by  a  semi-normal  permanganate  solution  (yielding 
0*004  grm.  oxygen  per  c.c.) ;  the  c.c,  used  =y.  Since  the  titre  of 
the  iron  solution  changes  pretty  quickly,  it  should  be  tested  daily 
by  taking  out  25  c.c.  with  the  same  pipette  as  serves  for  tlie 
above-described  operation,  and  ascertaining  the  amount  of  per- 
manganate required  for  oxidizing  it,  ^z  c.c.  The  magnitudes 
sought  are  found  by  the  following  equations  : — 

1*  Total  Acidity    in   grams  !•  Total  acidity  in  grains  pe 

per  cubic  metre  :  cubic  foot : 

Qn  _0-120(100-;r)                       ^^      1-852(100-^) 
OU3—  y, .  oU3= ^, 

2.  Sulphur    in     grams    per  2.  Sulphur  in  grains  per  cubic 

cubic  metre  :  foot : 

g_0'008(600-6a?-2r  +  y)  ^_  Q- 12346(600 -6j?-^ 4-?/) 
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3.  Nitrogen    in    grams    per  3.  Nitrogen  in  grains  per  cubic 

cubic  metre :  foot : 

^_  Om7{z^y)  ^_  0'10803(2r~y) 

If  the  nitrogen  acids  are  not  to  be  separately  estimated  (and 
the  Alkali  Act  does  not  require  this  to  be  done)^  the  above 
prescriptions  can  be  extremely  simplified.  It  is  only  necessary 
to  employ  the  apparatus  shown  on  p.  413,  fig.  137^  and  intended 
for  testing  the  burner-gases  for  sulphur  acids^  or  else  one  of 
the  absorbing-apparatus  to  be  mentioned  below  is  employed. 
The  apparatus  is  charged  with  100  c.c.  of  normal  caustic-soda 
solution^  coloured  with  phenolphthaleiu^  which  acts  equally  upon 
SO2  and  112804^  and  this  is  re-titrated  with  standard  acid.  The 
caustic-soda  solution  should  be  as  free  as  possible  from  carbonate, 
as  CO2  acts  upon  phenolphthalein  as  well.  The  formula  for  calcu- 
lation is  then  No.  1  divided  by  3,  that  is  : — 

^.,      004^(100 -a:)  ,. 

SO3  =     \ji grms.  per  cubic  metre. 


0-617(100-^) 


grains  per  cubic  foot. 


When  the  object  of  testing  the  exit-gases  is  merely  to  ascertaia 
the  total  acidity,  in  view  of  the  requirements  of  the  law  (p.  736), 
it  is  sufficient  to  pass  a  certain  volume  of  the  gas  through  a 
solution  of  hydrogen  peroxide,  which  oxidizes  the  SO2  to  HjSO^, 
and  then  to  titrate  all  the  acids,  together  with  caustic  soda  solution 
and  methyl-orange,  and  calculate  them  as  SOj.  In  a  very  ex- 
haustive paper  (Journ.  Soc.  Chem.  Ind.  1902,  p.  1490)  R.  F. 
Carpenter  and  Lindcr  prove  that  the  best  way  of  proceeding  is  to 
employ  for  the  absorption  a  mixture  of  1  vol.  semi-normal  caustic- 
soda  solution  and  10  vols,  hydrogen  peroxide  solution,  which  is 
afterwards  re-titrated  by  phenolphthalein  at  a  boiling  heat,  or  by 
methyl-orange  in  the  cold.  In  this  case  the  nitrogen  acids  proper 
are  also  absorbed,  but  NO  is  only  very  little  acted  upon. 

The  shape  of  the  absorbing-vessels  is  not  at  all  indiffereut. 
When  employing  ordinary  bottles  with  simple  glass  tubes  dipping 
below  the  liquid,  the  absorption  is  often  incomplete,  even  if  several 
bottles  are  used  in  succession,  which  causes  considerable  pressure. 
The  use  of  very  narrow  inlet-tubes,  as  prescribed  in  the  ^Alkali 
Maker's  Instructions'  (see  above,  p.  744),  lessens,  but  does  not 
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cDtirely  avoid  the  evil,  of  incomplete  absorption.  The  potash- 
bulbs  used  in  oi^anic  analysis  cannot  be  employed,  because  it  is 
too  difficult  to  empty  their  contents  without  any  lose. 

Fig.  315.  Fig.  316.  Fig.  317. 


The  absorption  is  better  when  using 
Mitscherlich's  tubes  (fig.  315),  of  which 
Todd's  tubes  (fig.  316)  are  but  a  slight 
modification.  The  shape  of  absorbing-bottle 
shown  in  fig.  317  serves  also  very  well. 
Better  than  these  is  the  Pettenkofcr  tube 
as  modified  by  myself  (fig.  319)  and  still 
better  a  10-  or  15-bulb-tube,  as  shown  in 
fig.  320,  one  of  which  generally  suffices  for 
complete  absorption. 
I  Ordinary  absorbing-bottles   fail  of  their 

purpose  where  white  mists  o£  acid  in  a  vesi- 
I  cular  form  have  to  be  dealt  with,  as  iu  the 

i  case  of  the  gases  from  overhead-fired  pans  or 

I  beaker- apparatus  for  rectified  vitriol  (comp. 

I  Chapter  IX.).     In  these  cases  the  bottles 

may  be  shaken  a  hundred  times  and  upwards 
without  entirely  removing  the  white  mist. 
The  Alkali  Inspectors  have,  however,  elaborated  a  bottle  perform- 
ing this  service  most  efficiently.    It  is  shown  in  fig.  318,  where 
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we  notice  the  absorbing-bulb^  containing  inside  a  number  of  india- 
rubber  rings  (cut  from  ordinary  small  tubing).  The  gases  pass 
through  the  central  tube  a,  by  small  holes  d  near  its  closed  end^ 
into  the  bulb  b,  and  before  they  issue  through  the  holes  c  c  they 
are  broken  up  into  small  bubbles  by  the  india-rubber  dippings^ 
which  are  washed  by  the  movement  of  the  liquid  in  the  apparatus^ 
and  thus  produce  a  thorough  scrubbing  of  the  gas.  The  upper 
bulb  is  |-inch  wide,  the  lower  |-inch^  the  bottom-opening  ^inch ; 
these  proportions  should  be  observed  to  attaiu  the  object.  Exit- 
tube  €  is  filled  with  glass-wool. 

Nitric  oxide  can  be  (and  generally  is)  present  in  the  gases  afler 
passing  through  the  absorbing-bottles.  It  can  be  estimated  in  an 
absorbing-tube   (fig.  319),  or  better  in  a  bulb-tube  (fig.  320), 

Fig.  319. 


Fig.  320. 


interposed  between  the  tubes  of  the  apparatus  serving  for  esti- 
mating the  acids  and  the  aspirator.  The  bulb-tube  is  charged 
with  30  c.c.  of  semiuormal  peinnanganate  solution  and  several 
c.c.  of  sulphuric  add.  The  gas  is  pa^ed  through  for  24  hours, 
and  the  tube  emptied  and  washed  out.  Now  add  50  c.c.  of 
ferrous-sulphate   solution,    corresponding    to    2x    permanganate 
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(comp.  p.  745),  and  re-titrate  the  decolorized  liquid  with  per- 
manganate. (If  a  precipitate  of  manganese  peroxide  has  been 
formed  in  the  absorbing-tubes,  rinse  the  tubes  with  some  of  the 
iron  solution.)  The  quantity  of  the  permanganate  last  used  is 
called  ti.  The  NO  has  altogether  consumed  (30  +  m  —  2jr)  c.o.  of 
permanganate,  giving : — 

In  grams  of  nitrogen  per  cubic  In  grains  of  nitrogen  per 

metre  of  the  volume  V'.  cubic  foot. 

_ 0-007  (30  +  tt - 25r)  ^_ Ol 0803  (30  +  « - 2z) . 

^"'             3V'  "               SV 

The  quantity  of  nitric  oxide  present  in  chamber  exit-gases  may 
be  at  times  rather  considerable  without  attracting  notice,  as  it 
oxidizes  only  very  slowly  when  strongly  diluted  with  inert  gases. 
This  makes  some  of  the  absorbents  proposed,  as  hydrogen  peroxide 
or  a  mixture  of  strong  sulphuric  with  nitric  acid,  practicallv 
useless,  as  proved  by  myself  by  many  laboratory  experiments.  The 
paper  of  Carpenter  &  Linder,  quoted  p.  746,  corroborates  this. 
Just  for  this  reason  I  first  proposed  in  1881  the  use  of  an  acid 
solution  of  potassium  permanganate  and  the  apparatus  described 
here.  Even  this  process  requires  a  very  good  absorbing-apparatus 
and  a  very  slow  stream  in  order  to  take  all  the  NO  out  of  the  gases. 

The  apparatus  and  methods  described  by  Lovett  (J.  Soc.  Chem. 
Ind.  1882,  p.  210)  may  be  consulted  by  those  specially  interested 
in  this  subject,  but  call  for  no  special  remark  here.  This  holds 
good  also  of  the  papers  of  G.  E.  Davis  (Chem.  News,  vol.  xli.  p.  188) 
and  Pringle  (J.  Soc.  Chem.  Ind.  1883,  p.  58). 

The  gas  collecting  in  the  aspirating -vessel  of  any  of  the  above- 
described  apparatus,  being  an  average  sample  of  the  exit-gases 
free  from  acids,  is  very  conveniently  employed,  in  preference  to 
samples  taken  at  random  over  the  day,  for  estimating  the  oxygen 
contained  in  the  exit-air.  This  estimation  has  been  previously 
described  (p.  417),  and  we  have  here  only  to  show  how  the  esti- 
mation of  oxygen  in  the  exit-gas  may  be  used  for  ascertaining  the 
quantity  of  sulphur  burnt,  expressed  in  grams  per  litre  of  the 
exit-gas,  so  that  the  quantity  of  sulphur  lost  in  that  gas  may  be 
put  in  direct  comparison  with  the  total  sulphur  used.  For  this 
the  following  formula  has  been  proposed  by  me  in  Dingler's 
Journal,  vol.  226,  p.  634  : — 

(20-95-.)x0-009637Xj.J^^^x-J_=,. 
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Here  a  denotes  the  percentage  of  oxygen  in  the  exit-gas,  /  its 
temperature,  h  the  barometrical  pressure  in  millimetres,  x  the 
total  quantity  of  the  sulphur  actually  burnt,  expressed  in  grams 
per  litre  of  the  exit-gas ;  with  this  the  quantity  actually  found 
should  be  compared,  in  order  to  find  the  percentage  of  loss.  It 
should  not  be  overlooked  that  no  account  is  here  taken  of  the 
sulphur  remaining  in  the  cinders. 


Theory  of  the  Formation  of  Sulphuric  Acid  in  the  Lead 

Chambers. 

When  describing  in  previous  Chapters  the  behaviour  of  sulphur 
dioxide  towards  the  various  nitrogen  compounds  in  the  presence  of 
water,  sulphuric  acid,  &c.,  and  the  formation  and  decomposition  of 
nitrososulphuric  acid,  we  have  been  obliged  repeatedly  to  fore- 
stall theoretical  considerations  ;  but  these  will  now  be  brought 
forward  connectedly  and  in  detail. 

We  must  from  the  commencement  bear  in  mind  the  fact  that 
during  the  burning  of  sulphur,  whether  in  the  form  of  brimstone, 
pyrites,  or  blende,  &c.,  substantially  sulphur  dioxide  (SO2)  alone  is 
formed ;  the  formation  of  sulphuric  anhydride  or  acid,  always 
occurring  at  the  same  time  (at  least  in  the  case  of  pyrites),  is  not 
taken  into  account  here,  being  merely  a  secondary  reaction,  and  not 
exempting  us  from  the  task  of  explaining  the  oxidation  of  the 
sulphur  dioxide  in  the  lead  chambers.  That  this  does  not  take  place 
to  an  appreciable  extetrt  by  the  direct  action  of  the  atmospheric 
oxygen,  may  at  the  outset  be  taken  as  established.  But  it  is  just 
as  certain  that  the  oxygen  of  the  nitre  introduced  into  the  process 
does  not  suffice  to  account  for  it ;  for  the  sulphur  dioxide  from 
100  parts  of  sulphur  requires  another  50  parts  of  oxygen  iu  order 
to  be  oxidized  to  sulphuric  acid,  which  would  correspond  to  81  "5 
parts  of  nitrate  of  soda,  even  if  this  compound  were  reduced  to 
nitrogen.  But  it  is  well  known  that,  under  favourable  conditions, 
only  3*y  to  ,2s  of  the  above  quantity  of  nitre  is  used ;  and  this  fact 
must  now  be  explained. 

The  first  theory  on  this  subject  was  propounded  as  early  as  1806, 
by  Clement  and  Desormes  ('  Annales  de  Chimie,'  lix.  p.  329) ;  and 
it  must  be  owned  that  they  had  observed  most  of  the  essential 
facts,  and  connected  them  by  a  theory  which  has  not  had  to  be 
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entirely  abolished^  but  only  to  be  modified  with  the  growth  of  our 
knowledge.  They  had  studied  the  behaviour  of  sulphur  dioxide 
towards  a  mixture  of  nitric  acid  and  atmospheric  air  ;  and  they 
prored  that,  even  in  the  crude  process  then  in  use  (where  a  mix- 
ture of  brimstone,  saltpetre,  and  moist  clay  was  heated  in  a  furnace 
and  the  gaseous  products  were  conducted  into  the  lead  chamber), 
considerably  more  oxygen  was  transferred  to  the  sulphur  dioxide 
than  the  saltpetre  contained.  They  already  explained  this  fact 
in  substantially  the  same  way  as  it  is  explained  now-a-days,  viz. 
thus : — From  the  nitre-gas  oxidized  by  atmospheric  oxygen,  and 
from  the  sulphur  dioxide,  sulphuric  acid  is  generated,  whilst  the 
iiitre-gas  is  re-formed.  The  nitric  acid  is  only  the  instrument  for 
the  complete  oxidation  of  the  sulphur,  which  in  doing  its  work  is 
not  destroyed ;  for  its  ^'  basis,^'  the  nitre-gas  takes  up  oxygen 
from  the  atmospheric  air  in  order  to  present  it  to  the  sulphur 
dioxide  in  a  suitable  state;  but  it  remains  in  its  original  state  at  the 
end  of  the  process  of  forming  the  sulphuric  acid.  The  presence  of 
water  they  explain  as  necessary,  first,  for  keeping  the  temperature 
of  the  reaction  snfiSciently  low;  secondly,  for  condensing  the 
sulphuric  acid  as  it  forms.  They  also  observed  in  the  process  the 
production  of  white  star-shaped  crystals,  Vhich  on  contact  with 
water  gave  out  nitre-gas  with  a  strong  evolution  of  heat,  and  they 
already  suspected  that  this  compound  had  a  prominent  share  in 
the  acid-forming  process. 

H.  Davy  showed,  in  1812,  that  the  presence  of  water  is  abso- 
lutely necessary  (Berzelius,  ^  Lehrbuch,'  i.  p.  471),  because  in  the 
dry  state  the  gases  do  not  react  upon  each  other ;  but  a  small 
quantity  of  water  added  to  the  mixture  of  sulphur  dioxide  and 
nitrons  vapours  causes  the  formation  of  the  crystals  observed  by 
Clement  and  Desormes.  Davy,  therefore,  considered  that  body  an 
intermediate  link  indispensable  for  the  formation  of  sulphuric 
acid  ;  with  our  present  notation  we  should  express  his  opinion  in 
this  way : — 

1.  2  SO2  +  3NO2         +H80=2  S02(0H)(0N0)  +  N0  ; 
11.  2  S08(OH)(ONO)  +  H20=2S02(OH)8  +  N02  +  NO; 
III.  2  NO +  20  =2N08. 

Therefore  we  commence  with  3  NO2 ;  and  we  recover  of  this 
1  NO2  in  the  equation  II.,  2  NOg  in  the  equation  III.,  in  order  to 
begin  the  process  over  again. 


1 
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This  opinion  has  been  accepted  by  many  other  chemists,  for  in- 
stance La  Prevostaye  (Ann.  de  Chim.  et  de  Phys.  Ixxiii.  p.  326) . 
Gmelin  also  adopts  it;  he  says  ('  Handbuch/  5th  ed.  i.  p.  875)  : — 
"  In  all  these  cases  there  are  mixed  in  the  chamber  sulphurous  acid 
gas,  vapour  of  hyponitric  acid,  arising  from  the  nitric-oxide  gas 
and  from  the  oxygen  of  the  air,  and  aqueous  vapour,  which  is  in- 
troduced on  purpose.  There  is  a  crystalline  compound  of  sulphate 
of  nitric  oxide  with  oil  of  vitriol  formed,  which  sinks  down  to  the 
bottom  of  the  lead  chamber  in  the  shape  of  a  thick  white  mist  and 
dissolves  in  the  water  present  there  and  forms  dilute  sulphuric 
acid,  nitric-oxide  gas  being  evolved.  This  nitric-oxide  gas,  with 
the  remaining  oxygen  of  the  air,  again  forms  vapour  of  hyponitric 
acid,  which  condenses  a  fresh  quantity  of  sulphurous  acid  gas  into 
the  crystalline  compound,  and  so  forth.'' 

An  appcarently  simpler  explanation  of  the  vitriol-chamber  pro- 
cess was  given  by  Berzelius  (*  Lehrbnch  der  Chemie,'  Woehler's 
translation,  4th  ed.  1835,  vol.  ii.  p.  12).  He  believes  the  formation 
of'chamber-crystalstobenot  a  necessary  intermediate  process,  but 
only  an  exceptional  case  happening  in  some  parts  of  the  chamber 
where  steam  is  wanting.  The  process  proper,  according  to  him, 
consists  of  the  transference  of  oxygen  from  "  nitrous  acid '' 
to  sulphur  dioxide  (and  water),  producing  sulphuric  acid  and 
nitric  oxide,  from  which,  by  means  of  oxygen,  nitrous  acid  is 
regenerated. 

We  should  therefore  have  to  express  the  process  in  our  present 
notation  by  the  following  equations  : — 

(1)  S02  +  N203-hH20  =  H,S04  +  2NO; 

(2)  2N0  +  0  =N303. 

But  I  have  shown  (Ber.  d.  deutsch.  chem.  Ges.  1888, 
p.  3225)  that  Berzelius,  as  was  natural  in  those  days,  made  no 
sharp  distinction  between  NjOj  and  N2O4,  and  evidently  by 
"  nitrous  acid  "  often  means  N2O4.  It  is  also  an  important  fact 
that  in  his  *  Jahresbericht '  for  1844',  when  the  difference  between 
N2O3  and  Ns04  had  become  clearer,  he  distinctly  states  (p.  62) 
that  N2O4  is  formed  when  NO  meets  a  sufficient  quantity  of 
oxygen  or  atmospheric  air,  whilst  with  an  excess  of  NO,  that  is,  in 
case  of  a  deficiency  of  oxygen,  N2O3  is  formed,  together  with  some 
N2O4.  In  fact  most  subsequent  writers  have  not  introduced 
nitrous  andydride,  but  nitrogen  peroxide  into  the  explanation  of 
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the  chamber-process^  starting  from  the  indubitable  fact  that  in 
ordinary  laboratory  experiments  nitric  oxide  with  an  excess  of 
oxygen  forms  almost  entirely^  or  perhaps  even  exclusively,  nitrogen 
peroxide,  and  tacitly  assuming  (without  any  proof  of  ever  having 
attempted  to  detect  its  presence)  that  nitrogen  peroxide  was  the 
oxide  of  nitrogen  prevailing  in  vitriol-chambers ;  also  overlooking 
that  the  above-mentioned  laboratory  fact  is  entirely  modified  by 
the  presence  of  other  substances  in  the  vitriol-chamber.  Thus  it 
came  to  pass  that  the  following  equations  were  generally  held  to 
express  the  vitriol-chamber  process  : — 

(3)  SO, + NO,  4  H,0 = H,S04  +  NO ; 

(4)  NO  +  0  =N0,*. 

The  great  simplicity  of  this  expression  seemed  to  be  its  recom- 
mendation,  but  it  was  overlooked  that  in  nature  the  simplest 
explanation  is  very  often  not  the  expression  of  truth. 

Even  long  after  Berzeliiis  no  sharp  distinction  was  made  between 
the  equations  (1)  +  (2)  and  (3)  +  (4) ;  probably  most  chemists 
tacitly  assumed^  as  was  explicitly  done  by  some^  that  the  vitriol- 
chambers  contained  a  mixture  of  N2O3  and  N^O^,  both  of  which 
acted  as  oxygen  carriers  upon  SO,^  and  this  was  generally  meant 
when  speaking  of  the  **  theory  of  Berzelius/'  which  was  certainly 
accepted  by  very  many  chemists. 

For  some  time  another  theory^  that  of  Peligot,  published  in 
1844  (Annales  de  Chim.  et  de  Phys.  (3)  xii.  p.  263)^  contested  the 
palm  with  it^  and  was  accepted,  more  especially  in  France,  until 
very  recently ;  even  Kolb  ('  Etudes  sur  la  Fabrication  de  I'Acide 
sulfurique,'  Lille,  1865,  p.  22)  adhered  to  it ;  and  so  did  Felouze 
and  Fremy  ('Traite  de  Chimie,'  2nd  edition,  i.  p.  398). 

Peligot,  like  Berzelius,  denied  that  the  chamber-crystals  had  an 
essential  share  in  the  formation  of  sulphuric  acid^  or  that  they 
appeared  at  all  in  the  regular  process,  either  in  a  solid  form  or  in 
solution.  He  attributes  the  oxidation  of  the  sulphur  dioxide 
within  the  lead  chamber  exclusively  to  nitric  acid,  not  to  the  lower 
oxides  of  nitrogen.  The  water  is  added  to  decompose  the  hypo- 
nitric  acid  formed  from  nitric  oxide  and  atmospheric  oxygen,  or 

*  Here,  as  in  all  other  instances,  we  shall  use  the  symhols  NjO^  and  NOo  as 
interchangeable  according  to  convenience  of  expression. 

VOL.  I.  3  c 
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the  nitrous  acid  formed  at  the  same  time,  into  nitric  oxide  and 
[hydrated]  nitric  acid^  and  thus  to  regenerate  the  only  oxidizing 
agent  acting  in  this  process,  viz.  nitric  acid.  In  watery  solution^ 
he  says,  no  nitrons  acid  exists  [which  is  altogether  wrong]  ;  from 
a  mixture  of  nitric  oxide  and  atmospheric  air  not  N^Og,  but  only 
N2O4  is  formed.  These  opinions  will  be  made  clearer  by  the 
followiug  equations  (rendered  into  modem  symbols)  : — 

L  S02  +  2NOs.OH  =  SO,(OH),  +  N,04; 
II.  2N8O4  +  H3O        =  N2O3  +  2N0, .  OH  ; 

III.  SNgOa  +  HjO         =4NO  +  2NO,  .  OH; 

IV.  2NO  +  20  =N204. 

The  experiments  upon  which  Peligot  founded  his  theory  certainly 
proved  that  concentrated  nitric  acid  oxidizes  sulphur  dioxide  even 
at  the  ordinary  temperature,  nitrogen  peroxide  being  formed.  Sut 
sulphur  dioxide  acts  with  more  difficulty  on  dilute  nitric  acid,  and 
only  with  the  aid  of  heat,  nitric  oxide  being  formed.  Weber  points 
out  that  Peligot's  experiments  do  not  prove  that  nitric  acid  of  that 
degree  of  dilution  which,  according  to  his  own  theory,  must  exist 
in  the  lead  chambers,  at  the  temperature  prevailing  there,  is  really 
decomposed  by  sulphur  dioxide.  On  the  contrary,  according  to 
Weber^s  observations,  nitric  acid  of  2  per  cent,  is  not  at  all  changed 
when  cold  by  sulphur  dioxide ;  there  is  no  appreciable  action  below 
SQP  C,  a  temperature  which,  in  normal  work,  is  not  prevalent  in 
the  lead  chambers. 

The  researches  of  R.  Weber  in  1866  and  1867  (Poggendorflfs 
'  Annalen,'  cxxvii.  p.  543,  and  cxxx.  p.  329)  have  proved  the  com- 
plete futility,  in  all  respects,  of  Peligot's  theory,  and  have  greatly 
contributed  towards  elucidating  the  process  within  the  lead 
chamber.  Briefly,  he  states  as  follows*: — In  the  chambers,  to 
100  parts  of  sulphur,  220  parts  of  water  are  used,  and  from  6 
to  8  parts,  at  most,  of  nitrate  of  soda.  According  to  Peligot's 
equations  the  liquid  at  the  bottom  of  the  chamber  could  thus  only 
contain  from  2  to  2*3  per  cent,  of  NjO^,  even  without  taking  into 
account  that,  according  to  him,  one- third  of  the  nitrogen  passes 
as  NO  into  the  atmosphere  of  the  chamber:  3N204=2NjOft  + 
2  NO.     [Properly  speaking,  therefore,  only  1-6  to  1*8  per  cent. 

*  Some  parts  of  Weber's  as  weU  as  of  Winkler's  work  have  been  noticed  in 
Chapt.  III.  p.  212  et  seq. 
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of  N2O5  could  be  present  in  the  chamber-acid.]  Weber  fouud^ 
by  direct  experiments^  when  sulphur  dioxide  was  conducted  into 
nitric  acid  containing  even  a  higher  percentage  (viz.  3  per  cent.) 
of  N2O5,  that,  at  the  ordinary  temperature,  after  the  lapse  of  half 
an  hour  no  sulphuric  acid  at  all  had  been  formed^  and  extremely 
little  at  40°  C.  (about  the  temperature  of  the  chambers) ;  whilst 
in  the  well-known  laboratory  experiment  in  a  glass  flask,  from  a 
mixture  of  SOs,  NO,  atmospheric  air,  and  water  there  is  an  easy 
and  instantaneous  formation  of  sulphuric  acid;  and  the  lead 
chambers  also  produce  this  acid  so  quickly  that  the  extremely  slow 
action  of  nitric  acid  cannot  account  for  it  at  all.  Furthermore, 
Weber  proved  that  Peligot  was  mistaken  in  supposing  that  nitrogen 
peroxide  with  water  merely  decomposes  to  NO  and  NO3H,  and 
that  nitrous  acid  cannot  exist  in  presence  of  an  excess  of  water ; 
for  water  which  has  absorbed  vapours  of  nitrogen  peroxide  liberates 
free  iodine  from  a  solution  of  potassium  iodide^  even  when  it  has 
been  heated  to  incipient  ebullition;  it  must  therefore  contain 
nitrous  acid,  for  neither  pure  nitric  acid  nor  nitric  oxide  attacks 
potassium  iodide. 

Further,  whilst  dilute  nitric  acid  has  next  to  no  action  on  sulphur 
dioxide  at  the  ordinary  temperature,  there  is  a  strong  action  be- 
tween SO2  and  water  which  has  absorbed  the  vapour  of  nitrogen 
peroxide,  or  if  such  water  is  added  to  the  same  dilute  nitric  acid 
which  at  first  showed  no  action,  or,  more  simply,  if,  instead  of 
pure  nitric  add,  fuming  nitric  acid  strongly  diluted  with  water  be 
used.  Accordingly^  the  nitrous  acid  generated  by  the  contact  of 
nitrogen  peroxide  and  water  oxidizes  the  sulphur  dioxide  much  more 
readily  than  nitric  acid  does ;  nitrous  acid  is  therefore  undoubtedly 
the  primary  cause  of  the  reaction  for  the  formation  of  sulphuric  add 
when  moist  air  meets  sulphur  dioxide  and  the  vapour  of  nitrogen 
peroxide.  The  nitric  acid  which  is  formed  on  the  decomposition 
of  NsO^  by  water  remains  undecomposed  by  SO,  if  much  water  is 
present.  Under  certain  circumstances,  however,  as  will  be  shown 
below,  the  nitric  acid  is  decomposed  as  weU. 

For  the  chamber-process  the  behaviour  of  N2O4  and  N2O3 
towards  sulphuric  acid  of  various  degrees  of  dilution  with  water 
must  also  be  taken  into  account,  as  those  gases  come  into  contact 
with  such  acids,  both  in  the  shape  of  minute  drops  suspended  in 
the  atmosphere  of  the  chamber  and  in  the  stock  collected  at  the 
bottom.      According  to  their  degree  of  dilution,  the  sulphuric 

3c2 
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acids  contain  nitrososulphuric  acid  (chamber-crystals)  ^  free  N^O^, 
or  N203y  as  has  been  explained  in  detail  on  p.  213  el  seq,;  but 
all  these  liquids,  when  their  density  is  much  higher  than  that 
of  ordinary  chamber-acid,  are  rapidly  decomposed  by  sulphur 
dioxide,  sulphuric  acid  being  formed.  The  decomposition  of  the 
absorbed  vapours  by  means  of  water,  for  the  purpose  of  forming 
nitric  acid,  is  therefore  quite  unnecessary  and  improbable;  but 
the  water  must  serve  for  forming  the  hydrate  SO4H2,  and  therefore 
only  in  its  presence  can  SO2  be  promptly  oxidized  by  NjOj. 

It  is  of  importance  in  practice  that  moderately  concentrated 
mixtures  containing  nitric  acid  are  more  easily  decomposed  by 
sulphur  dioxide  than  highly  concentrated  ones.  When  nitrous  acid 
is  dissolved  in  the  pure  hydrate  SO^Hj,  or  even  in  ordinary  vitriol 
of  170°  Tw.,  sulphur  dioxide  does  not  act  upon  it  at  all,  or  at 
least  very  incompletely. 

When  nitric  acid  is  mixed  with  dilute  sulphuric  acid  of  varying 
concentration,  it  is  seen  that  in  a  mixture  of  pure  nitric  acid  of 
1*25  spec.  gr.  with  sulphuric  acid  of  70°  Tw.  the  nitric  acid  is  not 
decomposed  by  sulphur  dioxide  in  the  cold,  but  quickly  on  being 
heatcd^.^with  evolution  of  nitric  oxide;  in  the  case  of  stronger 
acids  (from  77°  Tw.  upwards)  the  decomposition  begins  in  the 
cold,  and  the  liquid  then  contains  nitrous  acid.  Evidently  the 
sulphur  dioxide  first  produces  nitrous  acid  in  those  mixtures,  which 
is  proved  by  their  colour  and  by  their  action  on  potassium  iodide  ; 
and  in  the  second  stage  the  nitrous  acid  yields  up  oxygen  direct  to 
the  sulphur  dioxide,  without  being  compelled,  as  Peligot  assumed, 
to  be  redecomposed  into  nitric  acid  and  nitric  oxide — a  preposterous 
assumption.  Thus  even  dilute  nitric  acid,  brought  into  contact 
with  moderately  strong  sulphuric  acid,  may  be  useful  for  the 
chamber-process,  as  in  that  case  it  yields  up  its  water  to  the  sul- 
phuric acid,  and  in  the  concentrated  state  it  is  readily  attacked  by 
sulphur  dioxide;  this  is  just  what  takes  place  in  the  chamber. 
Weber  points  out  that  Berzelius  (^  Jahresbericht,'  xiv.  p.  65) 
contradicted  Feligot's  opinion  that^  in  the  chambers,  no  nitrous 
acid  is  formed  from  nitric  oxide  and  atmospheric  air,  but  merely 
nitrogen  peroxide ;  from  eudiometric  experiments  with  nitric  oxide 
and  oxygen  he  concluded  that,  according  to  the  excess  of  one  gas 
or  the  other,  there  is  more  or  less  condensation,  and  that  in  any 
case  there  is  always  a  formation  of  nitrous  acid,  even  with  an 
excess  of  oxygen  (comp.,  however,  p.  761). 
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According  to  the  above  reasoning,  the  water  cannot  play  the 
part  which  Peligot's  theory  attributes  to  it  as  the  essential  one, 
viz.  that  of  decomposing  N2O4  and  N2O3,  and  causing  the  for- 
mation of  nitric  acid.  The  water  no  doubt  acts  chiefly  by  making 
possible  the  formation  of  sulphuric  acid  proper  (S04Ha).  With 
the  modem  opinions  on  the  essence  of  acids  this  is  a  matter  of 
course ;  and  it  is  therefore  unnecessary  to  cite  the  many  experi- 
ments and  arguments  adduced  by  Weber  as  proof  that  the  water 
disposes  the  sulphur  dioxide  to  oxidation*  It  should^  however,  be 
added  at  once  that  a  quantity  of  water  just  corresponding  to  the 
formula  SO4H2  is  not  sufBcient,  because  this  strong  acid  would 
dissolve  the  nitrous  gas,  so  as  to  form  nitrososulphuric  acid,  and 
^ould  thus  withdraw  it  from  the  chamber-process ;  sufficient  water 
must  be  used  to  decompose  the  nitrososulphuric  acid  and  to  form 
an  add  of  no  more  than  124°  or  128°  Tw, ;  then  only  does  the 
chamber-process  go  on  regularly,  as  we  shall  see  later  on. 

According  to  Weber's  theory,  the  following  process,  therefore, 
takes  place  within  the  chambers  : — The  sulphur  dioxide  is  oxidized, 
mainly  by  the  oxygen  of  the  nitrous  acid,  which  thereby  passes  into 
nitric  oxide ;  it  does  this,  however,  only  when  dissolved  in  water  or 
in  dilute  sulphuric  acid ;  and  such  a  watery  solution  is  formed 
either  direct  from  free  N2O3  or  by  the  decomposition  of  N2O4.  In 
the  latter  case,  at  the  same  time^  nitric  acid  is  formed,  which 
can  only  be  decomposed  by  the  mediation  of  already  formed 
sulphuric  acid.  The  part  played  by  the  water  has  just  been 
explained. 

There  is  an  agreement  in  many,  but  not  in  all,  points  between 
the  opinions  of  Weber  and  those  published  almost  simul- 
taneously by  CI.  Winkler  (Untersuchungen  &c.  p.  20).  Winkler 
also  affirms  the  oxidation  of  sulphur  dioxide  by  nitrous  acid ;  but 
according  to  him  the  part  played  by  nitrogen  peroxide  is  more 
essential  than  that  which  Weber  assigns  to  it.  Winkler  believes 
the  latter  to  be  formed  principally  by  the  action  of  air  on  nitric 
oxide ;  it  then  combines  with  sulphur  dioxide  and  water  to  form 
nitrososulphuric  acid^  which  sinks  to  the  bottom  in  the  shape 
of  the  well-known  mist,  here  comes  into  contact  with  the  dilute 
hot  chamber-acid  and  dissolves  in  it,  evolving  gaseous  N2O8,  which 
oxidizes  a  fresh  quantity  of  sulphurous  acid,  thereby  passing  into 
NO,  the  latter  beginning  the  process  anew. 

The  fact  that  Weber  points  chiefly  to  N2O3,  Winkler  principally 
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to  N2O4  as  the  active  agents  in  the  chamber-process  does  not  form 
a  very  essential  difference  in  their  views,  as  neither  of  them  assumes 
either  one  of  these  oxides  to  be  formed  exclusive  of  the  other.  A 
more  fundamental  difference  is  this^  that  Weber^  like  Berzelius, 
does  not  admit  the  intermediate  formation  of  nitrososulphuric 
acid  as  an  essential  feature  of  the  process^  whilst  Winkler  does 
so,  thus  reverting  to  Davy's  theory,  which  he  merely  develops  in 
the  light  of  modern  knowledge  and  more  especially  of  his  own 
investigations. 

Formerly  some  writers  objected  to  the  theories  hitherto  stated 
that  there  is  a  difficulty  in  assuming  a  simultaneous  oxidation  of 
nitric  oxide  and  reduction  of  higher  oxides  to  NO.  But  this 
objection  cannot  be  held  as  valid,  and  it  would  apply  to  any  other 
theory  ever  brought  forward  for  the  chamber-process,  or,  for 
that  matter,  for  any  other  process  where  an  "  intermedium ''  or 
'^carrier''  comes  into  play,  and  what  would  now  be  called  a 
" pseudocatalytic ''  process  (see  below).  Although  both  processes 
undoubtedly  take  place  at  the  same  time,  this  may  happen  in  the 
same  chamber  under  different  conditions  :  when  in  a  certain  part 
nitrous  gas  is  reduced  to  nitric  oxide,  sulphur  dioxide  vanishes 
at  that  part,  and  the  excess  of  oxygen  present  everywhere  can  now 
oxidize  the  nitric  oxide  again ;  by  currents,  diffusion,  &c.  fresh 
sulphur  dioxide  is  brought  in,  and  the  process  commences  again. 
Besides,  in  any  case  the  law  of  the  action  of  masses  comes  into 
play  in  that  part  of  the  process  where  reversible  reactions  take 
place,  i.  e,  the  decomposition  of  nitrososulphuric  acid  by  water,  as 
we  shall  see  later  on. 

When,  in  1878,  the  first  edition  of  this  work  was  written,  the 
question  had  not  practically  advanced  beyond  the  labours  of 
Weber  and  Winkler,  both  of  whom  relied  on  laboratory  expe- 
riments, not  on  researches  made  with  actually  working  vitriol- 
chambers.  The  composition  of  the  gases  in  normally  or  irregularly 
working  chambers  was  not  even  known.  The  colour  of  the  gases 
precluded  the  assumption  that  NO  was  the  pravailing  oxide 
of  nitrogen,  except  perhaps  in  the  first  part  of  the  system ;  it 
was  also  known  that  nitric  acid  did  not  make  its  appearance 
except  under  very  irregular  conditions.  But  the  choice  still  lay 
between  NjOg  and  N2O4  as  the  prevailing  constituent  of  the 
^'  nitrous  vapours  ^'  in  the  yitriol-chamber,  and  it  was  not  known 
which  of  these  might  be  the  real  oxygen  carrier.     I  myself  at 
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that  time  thought  I  had  good  reasons  for  assuming  that  in  a 
normally  working  chamber^  where  there  is  neither  too  much  nor 
too  little  oxygen^  the  nitrous  acid  greatly  predominates  over  the 
nitrogen  peroxide.  This  I  inferred,  1st,  because  according  to 
Winkler's  and  my  own  experiments  nitric  oxide  in  the  presence  of 
sulphuric  acid  of  moderate  strength,  which  is  everywhere  present 
in  the  chamber  in  the  shape  of  a  mist,  is  not  oxidized  beyond 
N2O3  even  by  an  excess  of  oxygen;  2nd,  because  the  nitrous 
vitriols  analyzed  by  me  never  showed  more  than  traces  of  higher 
oxides  than  NjOs  (that  is,  nitrososulphuric  acid  proper),  whilst, 
for  instance,  when  the  pure  nitrogen  peroxide  given  off  by 
heating  lead  nitrate  was  absorbed  by  sulphuric  acid,  a  mixture  ot 
one  molecule  of  NjOg  (in  the  shape  of  nitrososulphuric  acid)  and 
two  of  HNOs  was  always  formed.  The  different  results  obtained 
by  several  chemists  (Kolb,  Winkler,  Hurter)  with  respect  to  their 
nitrous  vitriols  I  referred  to  faulty  analytical  methods  or  else  to 
im^ular  work.  Where  the  formation  of  sulphuric  acid  ceases 
almost  entirely  in  the  last  chamber,  the  condition  for  forming 
nothing  but  N2O8  is  absent ;  and  in  that  case  first  Ns04,  and  then, 
by  its  contact  with  water,  also  HNOg  will  be  formed.  If,  how- 
ever, the  free  oxygen  should  be  too  much  diminished,  the  sulphur 
dioxide,  then  in  excess,  will  at  once  reduce  N2OS  and  Ns04  to  NO, 
and  the  chamber  will  turn  pale.  The  same  will  happen  when  too 
much  air  enters,  because  then  the  gas  gets  too  much  diluted. 
When  there  is  a  deficiency  of  sulphur  dioxide  (which  in  normal 
work  ought  not  to  happen),  much  of  the  nitrogen  oxides  will  be 
converted  by  the  oxygen  in  excess  to  N2O4,  which  will  be  split 
up  with  the  water  into  NjOs  +  NOj  .OH.  This,  however,  can 
only  happen  when  the  chamber-acid  is  very  dilute;  otherwise  from 
the  first  only  N2O3  is  formed  (see  above),  and  therefore  no 
N02 . 0  H  will  appear.  (This  is  a  succinct  summary  of  my  opinions, 
as  held  at  the  time  when  the  first  edition  of  this  work  appeared, 
on  the  strength  of  Weber's  and  Winkler's  experimental  researches.) 
A  solid  basis  for  a  true  theory  of  the  vitriol-chamber  process 
could  only  be  formed  by  investigating  the  manufacturing  pro- 
cess itself  in  all  its  stages,  and,  both  as  regards  normal  and 
irregular  work,  by  an  extended  series  of  gas-analyses  and  other 
pertinent  observations.  The  first  and  hitherto  the  only  complete 
investigation  of  this  kind  was  that  made  subsequently  by  myself 
in  conjunction  with  Naef  at  the  Uetikon  works  near  Zurich,  to 
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which  allusion  has  already  been  made  (Chem.  Ind.  1884,  pp.  5—19). 
The  results  of  this  investigation  have  not  been  shaken  by  any 
others  carried  out  since^  so  far  as  the  facts  of  the  case  are 
concerned ;  but  the  explanations  at  that  time  given  by  myself  and 
by  other  chemists  have  had  to  be  modified  considerably^  especially 
in  consequence  of  the  further  experimental  work  conducted  by  noe 
in  1886  (J.  Chem.  Soc.  xlvii.  p.  4f65 ;  Ber.  d.  deutsch.  chem.  Ges. 
xviii.  p.  1384 ;  comp.  other  work  done  before  and  after,  mentioned 
Chap.  III.  p.  212  et  seq.).  I  proved  that  in  the  dry  state,  and 
out  of  the  reach  of  sulphuric  acid,  nitric  oxide  with  an  excess  of 
oxygen  combines  to  form  nitrogen  peroxide  exclusively,  or  nearly 
so.  If  dry  nitric  oxide,  being  in  excess,  meets  with  an  insufficient 
quantity  of  oxygen,  a  considerable  amount  of  N2O3  is  formed 
along  with  N2O4  (according  to  the  view  held  at  that  time).  In 
the  presence  of  moisture,  nitric  oxide  and  excess  of  oxygen  combine 
to  form  nothing  but  nitric  acid.  Dilute  sulphuric  acid  (spec.  grav. 
1*405)  acts  on  the  whole  like  water,  but  a  small  quantity  of  nitrous 
acid  is  formed,  as  much  as  can  exist  in  a  stable  solution  in  the 
acid  (nitrososulphuric  acid  cannot  exist  in  such  dilute  acid). 
Perhaps  the  most  important  observation,  combined  with  others 
formerly  made,  was  this  : — If  strong  sulphuric  acid  is  in  presence 
of  a  large  excess  of  oxygen,  and  nitric  oxide  is  slowly  passed  into 
it,  only  that  portion  of  NO  which  is  in  immediate  contact  with 
sulphuric  acid,  and  so  far  as  nitrososulphuric  acid  can  be  formed, 
is  not  oxidized  beyond  the  state  of  NgOj  (as  previously  found  by 
Winkler  and  myself)  ;  but  all  the  gaseous  molecules  coming  into 
contact  with  oxygen  outside  the  acid,  even  immediately  above  it, 
behave  like  dry  NO  and  excess  of  O  generally — that  is,  they 
combine  to  form  N2O4. 

This  last  observation  made  it  impossible  to  maintain,  as  had 
been  done  in  the  first  edition  of  this  work,  and  in  some  of  my 
later  papers,  that  the  reason  why  NO  and  O  within  the  vitriol- 
chambers  do  not  combine  to  form  N2O4,  but  merely  NjOa,  is  found 
in  the  fact  that  there  is  a  mist  of  sulphuric  acid  floating  all  over; 
for  the  liquid  particles  of  sulphuric  acid  forming  that  mist  are 
still  at  very  great  distances  from  one  another  relatively  to  the 
amount  of  molecules  of  NO  and  0  present,  and  wherever  the 
latter  act  upon  one  another  otherwise  than  immediate  absolute 
contact  with  the  acid,  they  will  not  yield  N2O3,  but  N1O4. 
Hence  no  theory  can  truly  explain  the  vitriol-chamber  process 
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which  presupposes  the  reduction  of  nitrous  compounds  to  NO  as 
a  necessary  step^  for  this  would  naturally  lead  to  the  formation  of 
N2O4,  and  further  on  of  HNO3,  neither  of  which  occurs  in  a 
r^ularly  working  vitriol-chamber.  It  is  true  that  Raschig  (Ann. 
d.  Chem.  ccxlviii.  p.  135)  asserts  that  nitric  oxide,  even  when 
meeting  a  very  large  excess  of  oxygen,  is  not  converted  into  N2O4, 
but  into  N2O3,  provided  that  the  oxygen  is  diluted  with  nitrogen, 
as  in  atmospheric  air.  But  this  assertion,  which  is  opposed  to  the 
statements  of  all  other  chemists,  has  been  entirely  disproved  by  my 
researches  (Berl.  Ber.  1888,  p.  3284),  which  showed  that  Baschig^s 
experiments  were  badly  conducted,  and  that  NO  is  transformed 
into  nitrogen  peroxide  by  atmospheric  air  just  as  well  as  by  pure 
oxygen. 

'ITie  whole  of  Raschig's  arguments  and  hypotheses  are  vitiated  by 
the  recognition  of  the  fact  that  nitrogen  trioxide,  N2O3,  does  not 
exist  in  the  gaseous  form  except  in  traces,  as  we  have  shown  before 
(p.  214) .  This  makes  it  an  absurdity  to  maintain,  as  he  does,  that 
NO  with  atmospheric  air  forms  N2O3,  not  NO2.  Of  course  my  own 
theory  is  also  affected  by  the  above  fact.  But,  as  I  have  shown 
in  Chapter  III.  p.  214,  that  theory  is  altogether  compatible  with 
the  light  gained  by  more  recent  knowledge,  since  a  mixture  of 
NO+NO2  behaves  towards  sulphuric  acid  exactly  like  N2O8. 

Raschig^s  own  theory  of  the  vitriol-chamber  process  (Ann. 
Chem.  ccxli.  p.  242)  is  very  curious.  He  assumes  as  an  inter- 
mediary link  the  temporary  formation  of  a  compound  which  he 
calls  *' dihydroxylamine-sulphuric  acid,^'  of  the  formula  (0H)2N 
SO2OH,  but  which  nobody  has  seen,  and  whose  preparation  in  the 
free  state  he  himself  does  not  expect  to  be  possible.  He  assumes 
this  compound  to  be  formed  when  nitrous  and  sulphurous  acid  meet, 
but  to  be  instantly  decomposed  with  more  nitrous  acid  into  NO, 
S0iH2^  and  H2O ;  NO  is  then  again  oxidized  to  nitrous  acid,  and 
the  process  begins  anew.     His  equations  are : 

{a)     N{0H)3  f  HSO2OH  =  (OH)2NS020H  +  H2O ; 

{b)     (OH)2NS020H+N(OH)3=2NO  +  H2S04  +  2H20; 
(c)     2N04-0  +  3H20  =2N(OH)3. 

I  have  shown  (Ber.  d.  deutsch.  chem.  Ges.  1888,  pp.  67  &  3223) 
how  utterly  unfounded  are  all  the  arguments  adduced  by  Raschig 
for  his  view,  evidently  in  ignorance  of  the  actual  working  of  vitriol- 
chambers  and  in  neglect  of  the  laboratory  work  of  former  chemists ; 
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and  we  cannot  waste  our  space  here  with  repeating  the  refutatioii 
of  a  completely  exploded  theory  *. 

Several  facts  have  to  be  reconciled  in  any  true  theory  of  the 
lead-chamber  process :  Ist^  the  fact  that  the  chambers  contain  at 
first  a  mixture  of  more  than  1  mol.  NO  to  1  mol.  NO^^  later  on 
almost  exactly  equal  molecules  of  NO  and  NOj,  but  in  regular  work 
never  any  excess  of  NOs  over  this  proportion^  which  excess  we 
have  in  our  former  discussions  called  ^'  free  '^  nitrogen  peroxide 
(Lunge  and  NaePs  observations  at  Uetikon) ;  2nd^  that  NO  and 
an  excess  of  0  combine  to  form  N^O^,  and  only  where  NO  and  O 
meet  at  the  same  time  sulphuric  acid  of  sufficient  concentration 
they  form  nitrous  acid,  but  not  in  the  free  state,  merely  in  the 
shape  of  80,(0  H)  (ONO) ;  NO  and  0,  in  the  presence  of  H^O  and 
SOg,  may  also  form  directly  SOs(OH)(ONO).  A  new  theory  of 
the  chamber-process,  based  on  these  fundamental  and  all  other 
observed  facts^  had  been  clearly^  although  very  briefly,  indicated 
by  myself  in  my  before-mentioned  paper  of  1885  (J.  C.  S.  xlvii. 
p.  470)^  and  it  has  been  further  developed  in  subsequent  papers, 
especially  Ber.  d.  deutsch.  chem.  Ges.  1888,  pp.  67  &  3323. 

The  principal  ideas  of  that  theory  were  stated  by  me  in  1885 
as   follows : — ^^  Sulphur  dioxide  combines  directly  with  nitrogen 
trioxide,  oxygen,  and  a  little  water  to  form  nitrososulphuric  acid, 
which  floats  in  the  chamber  as  a  mist;  on  meeting  an  excess  of 
water,  equally  floating  about  as  a  mist  [probably  mostly  or  all  in 
the  shape  of  very  dilute  sulphuric  acid],  the  nitrososulphuric  acid 
splits  up  into  sulphuric  acid,  which  sinks  to  the  bottom,  and  nitrogen 
trixoidcj  which  begins  to  act  anew.      Hence  it  is  not,  as  hitherto 
generally  assumed,  the  nitric  oxide,  NO,  but  the  nitrogen  trioxide, 
N2O3,  which  acts  as  carrier  of  oxygen  in  the  vitriol-chamber  process/^ 
As  mentioned  later  on,  the  formation  of  sulphuric  acid  is  not 
brought  about  by  alternate  oxidation  of  NO  to  NjOs  or  N2O4,  and 
subsequent  rediiction  of  these  compounds  to  NO^  but  by  a  conden- 
sation of  nitrous  acid  with  sulphur  dioxide  and  oxygen  into  nitroso- 
sulphuric acid,  and  a  subsequent  splitting  up  of  this  compound 
by  an  excess  of  water.     [Nowadays  this  might  be  expressed  as 
follows :  the  combination  of  sulphur  dioxide,  oxygen,  and  water  to 

*  This  is  all  the  less  necessary  as  Hamburger  (J.  Soc.  Chem.  Ind.  1889,  p.  164) 
has  given  a  summary  of  the  controversy  for  English  readers.  Nor  has  Raschig 
since  that  time  attempted  to  advance  better  arguments  for  his  views,  and  it  is  aU 
the  stranger  that  some  modem  books  take  the  trouble  to  devote  some  space  and 
consideration  to  them,  as  if  they  were  to  be  taken  seriously. 
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sulphuric  acid  is  brought  about  by  the  pseudocatalytic  action  of 
nitrous  anhydride.] 

The  reactions  here  indicated  are  expressed  by  the  equations  : 

(1)  ^SOjr-fNjOs  +  Os+HjO  =2S02(OH)(ONO), 

(2)  2  SO^COH)  (ONO)  +  H2O =2  H,S04  +  NgOg ; 

but  they  assume  even  a  simpler  shape^  if^  instead  of  nitrous  anhy- 
dride, nitrous  acid  is  introduced  into  the  equations^  thus  : 

(1  a)     SO,  +  NOOH  +  0  =  SO^COH)  (ONO), 

(2a)     SO,(OH)(ONO)  +  H20  =  H2S04  +  NOOH. 

Instead  of  nitrogen  trioxide,  NsOo,,  we  should  more  correctly 
speak  of  the  equivalent  mixture  of  NO+NOj,  but  this  chenaically 
amounts  to  the  same  thing. 

At  the  same  time,  I  pointed  out  that  these  reactions  were  or 
might  be  locally  modified  by  special  circumstances  in  different 
parts  of  the  chamber,  and  this  matter  was  treated  in  detail  in 
my  papers  of  1888. 

We  see  at  once  that  my  theory  goes  back  to  Davy's  theory  of 
1814,  subsequently  upheld,  among  others,  by  L.  Gmelin  and  CI. 
Winkler,  according  to  which  the  intermediate  formation  of  nitroso- 
sulphuric  acid    (chamber-crystals)   is    a   necessary  link    in    the 
chamber-process.     But  my  new  theory  removes  the  complication 
of  those  former  views,  and  their  partial  contradictions  to  observed 
facts,  by  denying  the  necessity  of  a  reduction  to  NO  as  an  indis- 
pensable factor  in  the  process,  from  which  reduction  would  follow 
the  formation  of  free  nitrogen  peroxide  in  the  chamber  *.    We  will 
now  follow  up  the  new  theory  in  detail  and  consider  the  modifica- 
tions which  the  process  suffers  by  local  circumstances  in  certain 
parts  of  the  chamber. 

Let  us  remember  that  the  gases  of  a  normally  working  chamber 
contain  at  first  an  excess  of  NO,  further  on  and  right  to  the  end 
only  an  equivalent  mixture  of  NO  +  NO2,  equal  to  N2O3.  Free 
nitrogen  peroxide,  NOg,  can  be  obtained  only  in  case  of  irregular 
work,  when  by  sending  an  unnecessary  excess  of  nitrous  gases  into 
the  chambers  the  formation  of  sulphuric  acid  has  been  finished  too 
early,  and  the  last  part  of  the  chambers  contains  extremely  little 
SO,;  in  this  case  only  free  NO2  is  tliere  found.  A  greater  or 
smaller  excess  of  oxygen  is  without  any  influence  on  the  question 
whether  N0H-N02  or  more  NO,  is  formed. 

♦  By  "free  "  nitrogen  peroxide  I  mean  any  excess  of  NOj  over  the  proportion 
nquiied  to  form  N,0,  with  NO,  here  as  well  as  in  all  other  places. 
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Although  we  now  know  that  N^O,,  when  liberated  from  its  com- 
bination with  sulphuric  acid,  immediately  dissociates  for  the  most 
part  into  NO  +NO,,  a  very  small  quantity  of  N^O,  remains  as  such 
and  can  enter  into  the  above-stated  reaction  (1)  (p.  752) ;  and 
according  to  the  law  of  mass-action  immediately  more  NO  +  NO^ 
recombines  to  form  N3O3,  so  that  no  sensible  quantity  of  NO  has 
time  to  form  with  oxygen  "free"  nitrogen  peroxide,  as  SOj  is 
present  everywhere  and  leads  to  the  formation  of  SO3NH. 

The  same  compound  will  be  formed  according  to  equation  (9) 
(see  p.  766)  by  SO2  from  any  locally  existing  free  NO^. 

The  orange  vapours  filling  the  chambers  consist  of  a  mixture  of 
NO  and  NOj,  the  former  being  in  excess  in  the  light-coloured 
front  part  of  the  chamber-system,  whilst  later  on  the  proportion 
(as  shown  by  analysis)  is  almost  exactly = NO +  NO2,  which  con- 
stantly again  acts  with  H2O,  SO2,  and  O  to  form  SO5NH,  and  is 
reformed  from  the  latter  by  the  action  of  more  H2O.  We  may 
express  this  either  with  the  intermediary  assumption  of  NOOH 
and  N2O3,  as  in  (1/;),  (2h),  (3  A),  or  without  this,  as  in  (Ic), 
(2  c),  viz. : 

{lb)  SOj+NOOH-hO  =S05NH, 

(2  b)  2  SO,NH  +  H2O  =  2  H2SO4  +  N2O3, 

(3d)  N2O3  +  HoO  =2Nb0H  ; 

or  else : 

(Ic)  2S03  +  NO  +  N02  +  02  +  H20=2S05NH, 

(2c)  2  SO5NH  +  H2O  =2  H2SO4+NO  -f  NO.. 

As  before,  we  shall  not  always  hamper  our  considerations  by 
entering  upon  the  complicated  formulae  involved  in  the  last-men- 
tioned way  of  looking  at  nitrous  anhydride,  but  we  shall  treat  this 
compound  as  capable  of  existing  in  the  state  of  vapour  at  least 
for  a  sufficient  time  to  enter  into  the  reactions  (1)  ;  but  those 
who  prefer  to  do  so  may  instead  of  this  make  use  of  reactions 
(la)or(lc). 

The  reactions  formerly  assumed  by  Berzelius  (with  the  qualifi- 
cation expressed  on  p.  752),  R.  Weber,  myself,  and,  although  but 
indirectly,  by  Raschig,  namely  : 

(3)  SO2  4-  N2O3  +  H2O  =  H2SO4  +  2  NO, 

(4)  2NO-fO  =N203, 

cannot  represent  the  chamber-process  :  for,  firstly,  in  this  case 
there  would  be  everywhere  in  the  chambers,  up  to  the  end,  a  large 
number   of  molecules   of  NO   together   with    N2O8,    which    is 
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not  the  case ;  and^  secondly^  the  reaction  (4)  does  not  take  place 
at  all  except  in  immediate  contact  with  (strong)  sulphuric 
acid;  but  in  contact  with  sulphuric  acid  there  is  no  free 
NjOs  formed,  but  SO5NH,  and  we  are  thus  forcibly  brought 
back  to  reactions  (1)  or  to  reaction  (7),  mentioned  on  p.  766. 
If  in  the  back  parts  of  the  chambers  NO  (more  than  required  for 
the  formula  NO  +  NO2)  existed  to  any  extent  in  the  free  state  for 
any  appreciable  length  of  time,  it  would  there  be  oxidized  into 
nitrogen  peroxide,  and  this  in  contact  with  either  water  or  sul- 
phuric acid  will  form  nitric  acid,  which  should  be  found,  at  least 
to  a  great  extent,  unchanged,  as  it  is  a  sufficiently  stable  com- 
pound in  that  part  of  the  chamber,  where  there  is  far  too  little 
SO]  and  too  low  a  temperature  to  reduce  much  HNOg.  But 
siuce  HNO^  is  not  found  in  normal  working  back-chambers,  nor 
in  the  6ay-Lussac  acid,  any  theory  based  on  the  reduction  of  nitrotis 
vapours  doum  to  nitric  oxide,  NO,  cannot  be  accepted  as  true,  as  it 
involves  the  formation  of  ''  free  "  Nj04,  and  subsequently  that  of 
HNOj. 

It  is  important  for  our  theory  to  notice  that  sulphuric  acid,  such 
as  found  in  the  chambers,  certainly  dissolves  very  sensible  quantities 
of  SO5NH,  and  indeed  all  the  '' drips '*  and  even  the  bottom  acid 
of  the  back-chambers  testify  to  this.  But  this  solubility,  or,  as  it 
is  better  expressed,  the  stability,  of  SO5NH  is  greatly  diminished 
both  by  a  higher  temperature  and  by  dilution  of  the  acid  (comp. 
p.  223  et  seq.),  and  this  behaviour  is  indeed  the  foundation  of  all 
former  processes  for  denitrating  nitrous  vitriol  (p.  631  et  seq.). 
In  the  vitriol-chambers  the  temperature  is  much  above  that  of 
ordinary  air;  the  second  condition  is  also  fulfilled,  for  as  soon  as 
the  SO9NH  formed  in  one  place,  and  floating  about  in  the  shape  of 
a  fine  mist,  meets  with  particles  of  water  or  of  dilute  sulphuric  acid 
floating  about  as  well,  it  must  sufier  decomposition  according  to 
equation  (2),  p.  763,  so  that  sulphuric  acid  and  nitrous  acid  are 
formed.  Only  those  portions  of  nitrososulphuric  acid  which  are  in 
immediate  contact  with  the  bottom  acid  will  be  dissolved  by  this, 
and  will  thus  be  temporarily  withdrawn  from  decomposition ;  but 
this  takes  place  to  a  somewhat  greater  extent  only  in  the  back 
chambers,  whilst  in  the  front  chamber,  where  both  the  higher 
temperature  and  the  excess  of  SO2  act  as  denitrating  agents,  the 
bottom  acid  shows  little  or  sometimes  even  no  '^  nitre/^ 

The  views  hitherto  brought  forward  do  not,  however,  explain  the 
whole  of  the  vitriol-chamber  process ;  they  must  be  modified  for 
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the  first  part  of  the  chambers,  which  is  filled  with  opaque  white 
clouds^  and  where  Lange  and  Naef  have  proved  the  existence  of 
much  NO  in  excess  above  the  proportion  NO  -f  NOo.  The  tempera- 
ture is  highest  and  the  formation  of  acid  most  vivid  in  this  region. 
It  is  not  in  itself  impossible  that  here  the  direct  reactions  take  place: 

(5)  SO2  +  NO2  -f  H20=H2S04  +  NO, 

(6)  SO2  +  N2O3  +  H2O  =  H0SO4  +  2  NO, 

which  would  explain  the  occurrence  of  NO.  The  latter,  when 
meeting  SO3  and  O,  both  present  here  in  large  excess,  forms 
directly  nitrososulphuric  acid : 

(7)  2  SO3  +  2  NO  +  30  +  H20=2  SOcNH. 

Locally,  where  water  is  in  excess,  nitric  acid  will  be  formed,  but 
here,  where  this  acid  is  in  the  state  of  vapour,  and  where  it  at  once 
meets  an  excess  of  SO^,  it  is  instantly  reduced  by  the  reaction  : 

(8)     S02  +  HN03=S05NH.' 

In  fact  in  this  first  part  of  the  chambers  the  conditions  are  still 
altogether  analogous  to  those  prevailing  in  the  immediately 
preceding  Glover  tower,  and  are  entirely  different  from  those 
occurring  in  the  back  part  of  the  chambers,  where  the  temperature 
is  lower  and  there  is  very  much  less  SOj  present.  In  the  front 
part  the  NO  finds  such  an  excess  of  SOg,  0,  and  H^O,  that  the 
formation  of  N2O4  is  either  altogether  precluded^  or  if  any  small 
quantity  of  it  is  locally  formed  it  must  be  instantly  absorbed  again, 
according  to  equation  : 

(9)     2  SO3  +  N2O4  +  O  +  H5O  =  2  SO5NH. 

In  the  first  part  of  the  chamber  system  free  nitrogen  peroxide  does 
not  and  cannot  eanst  in  appreciable  quantities y  and  therefore  theforma^ 
tion  of  sulphuric  acid  according  to  equation  (5)  does  not  play  any,  or 
no  appreciably  part.     Equation  (6)  is  practically  on  the  same  lines. 

This  does  not  yet  explain  ^vhy  there  is  in  fact  a  large  excess 
of  NO  present  in  the  first  part  of  the  chambers.  We  seek  this 
explanation  in  a  secondary  reaction  which  under  the  existing 
conditions  is  bound  to  occur,  viz. : 

(10)     2  SO5NH  +  SO2  +  2  H,0 = 3  SO4H2  +  2  NO. 

This  is,  of  course,  precisely  similar  to  that  which  takes  place  in 
the  immediately  preceding  space,  that  is,  in  the  Glover  tower,  the 
conditions  being  identical  in  both  cases:  presence  of  large 
quantities  of  nitrososulphuric  acid,  of  SO2,  of  H2O,  and  an  even 
higher  temperature  than  near  the  top  of  the  Glover  tower^  where 
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tbe   inflowing   acid  has   a   cooling  action.      Thus   more   NO   is 
formed  than  can  be  at  once  taken  up  by  reaction  (7). 

The  general  results  arrived  at  are  as  follows : — ^The  principal  re- 
mictions  conducive  to  the  formation  of  sulphuric  acid  in  the  vitriol- 
-chambers  are,  the  formation  of  niirososulphuric  acid  from  sulphur 
dioxide,  oxygen,  and  nitrous  acid  (eq.  1)^  and  its  subsequent  de- 
composition when  meeting  with  water  or  dilute  sulphuric  acid  (eq.  2) . 
Whether  N2O3  exists  for  an  appreciable  time  as  undecomposed 
vaponr  or  not,  is  not  a  decisive  point  in  this  case,  as  we  may 
introduce  the  hydrate  NOOH  and  as  the  components  NO  +  NOj 
act  just  as  N2O3.  Besides  this  principal  reaction,  another  set  of 
reactions  take  place  in  the  first  part  of  the  chambers,  where  the 
nitrososulphuric  acid  is  partially  denitrated  by  the  excess  of  sulphur 
dioxide  (eq.  10),  and  the  nitric  oxide  thus  formed  combines 
directly  with  SO,,  O,  and  HjO  to  reform  SO^NH  (eq.  7).  All 
the  other  reactions  enumerated  above  either  play  no  part  whatever 
or  only  an  insignificant  part  in  the  chamber-process,  and  '^  free  *' 
nitrogen  peroxide  especially  does  not  occur  at  all  in  normaUy 
working  chambers. 

The  mutual  action  of  the  agents  meeting  in  the  vitriol-chambers 
partly  belongs  to  the  class  of  reversible  reactions,  whose  direction 
in  one  sense  or  another  is  determined  by  the  "  action  of  mass,^' 
one  or  several  of  the  components  being  in  excess.  The  direct 
reaction  SO^-I-  0  +  H20=HsS04  is  not  reversible  at  the  maximum 
temperature  of  the  lead  chambers,  but  some  of  the  intermediate 
reactions  are.  If  oxygen  or  nitrous  acid  is  in  excess,  the  con- 
densing reactions  (1)  and  (7)  prevail,  and  thus  the  formation  of 
nitrososulphuric  acid  is  induced ;  but  if  sulphur  dioxide  is  present 
even  only  in  relative  excess,  the  denitrating  reaction  (10)  prevails, 
and  NO  is  split  off.  This  does  no  harm  in  the  first  part  of  the 
chambers,  where  there  is  time  for  the  NO  to  enter  into  the  con- 
densing reaction  (7) ;  but  if  it  happens  in  the  back  part,  the  NO 
is  lost,  as  it  is  not  retained  in  the  Gay-Lussac  tower  and  escapes 
into  the  air.  Another  reversible  reaction  is  that  between  sulphuric 
acid,  nitrous  acid,  and  water ;  where  the  sulphuric  acid  is  in  excess, 
we  have  :  HjSO^  +  NOOH  =  SO5NH  +  H3O ; 

▼here,  on  the  other  hand,  water  is  in  excess,  we  have : 

SOfiNH  +  HjO  =  H3SO4  +  NOOH. 

Nothing  is  more  certain  in  the  manufacture  of  sulphuric  acid 
than  that  the  process  of  converting  sulphur  dioxide  into  sulphuric 
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acid  takes  place  in  a  regular  way  only  by  the  action  of  a  large 

Fig.  321.  • 
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excess  of  oxygen  and  of  nitrons  vapours ;  with  a  smaller  excess  of 
these  agents  sulphur  dioxide  escapes  into  the  air.  Both  theory 
and  practice  show  that  even  with  the  greatest  excess  of  oxygen  it 
is  not  possible  to  effect  an  absolutely  complete  oxidation  of  SO3 :  it 
is  generally  agreed  that  the  best  practical  limit  is  attained  if  the 
exit-gases  contain  0*5  per  cent,  of  the  sulphur  originally  employed 
in  the  shape  of  SOg.  The  rate  at  which  the  formation  of  sulphuric 
acid  takes  place  under  the  given  conditions  of  a  certain  excess  of 
oxygen  and  of  nitrous  vapours  has  been  mentioned  before  (p.  725  et 
seg.)  as  observed  experimentally.  It  has  also  been  mathematically 
deduced^  first  by  Hurter  (J.  Soc.  Chem.  Ind.  1882,  p.  52),  after- 
wards by  Sorel  (in  his  frequently  quoted  paper)  ;  but  their  very 
hypothetical  calculations  lay  claim  to  interest  mostly  on  the  ground 
that  they  are  in  general  accordance  with  previously  observed  facts, 
and  we  must  refer  those  interested  in  them  to  the  originals'^. 
Both  authors  also  represent  the  normal  working  of  the  chambers 
by  curves,  with  which  Hurter  compares  the  practical  results  of 
Mactear,  and  Sorel  those  of  Lunge  and  Naef  (which  were  not 
published  at  the  time  of  Hurter's  theoretical  research) . 

We  have  previously  (p.  731)  compared  Hurter's  curves  with  the 
latter ;  in  this  place  we  will  give  the  diagram  in  which  Sorel 
represents  the  process  (fig.  321),  both  by  his  theoretical  curves 
(drawn  in  full  lines) — the  upper  one  representing  a  loss  of  0*5,  the 
lower  a  loss  of  4  per  cent,  of  sulphur — and  the  results  obtained 
by  Lunge  and  Naef  (in  dotted  lines).  I  have  already  (p.  731) 
pointed  out  that  whilst  on  the  whole  the  rate  of  formation  of  the 
acid  is  in  agreement  with  the  theoretical  curves,  there  are  distinct 
breaks  corresponding  to  the  points  where  the  gases  leave  one 
chamber  to  enter  the  next,  and  we  have  to  some  extent  gone 
into  the  explanation  of  this  phenomenon.  But  it  is  now  time 
to  give  SorePs  explanation,  which,  although  in  full  agreement 
with  my  theory  of  the  vitriol-chamber  process,  amplifies  it  by 
specifying  more  distinctly  the  conditions  under  which  either  the 
first  or  the  second  of  the  main  I'eactions, 

(1)     SOs  +  NOOH  +  O^SOftNH, 

*  Sorel  (Fabr.  de  I'Ac.  siilf.  p.  566)  maintains  that  the  first  proposition  of 
Hnrter's  is  self-evident,  but  that  the  remaining  propositions  are  mathematically 
untenable ;  moreover,  that  some  of  Hurter's  conclusions,  drawn  from  his  mathe- 
matical reasoning,  are  partly  contrary  to  experience.  So  much  Ib  certain,  that 
practice  has  not  profited  in  any  respect  whatever  from  his  theory. 

VOL.  I.  3d 
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(2)     SO5NH  +  HsOrrHsSO^  fNOOH. 
takes  place. 

In  an  inert  atmosphere  nitrososulphurie  acid  will  give  ap  more 
or  less  N2O3,  according  to  the  concentration  of  the  sulpharic  acid^ 
the  quantity  of  nitrous  (or  nitrososulphurie)  acid^  and  the  tem- 
perature. If  a  certain  quantity  of  N2O3  is  removed  from  the 
surrounding  gases,  either  directly  or  by  reduction  to  NO,  the  acid 
will  yield  up  more  NgOg ;  if,  on  the  other  hand,  the  surrounding 
atmosphere  becomes  richer  in  N2O3  by  oxidation  of  NO,  the  acid 
will  again  take  up  some  NgOa.  The  tension  of  N2O3  in  its  solution 
in  H2SO4  is  increased  by  a  rise  of  temperature,  but  much  more  by 
diluting  the  acid.  If,  therefore,  there  exist  in  an  atmosphere^ 
containing  a  certain  quantity  of  N2O3,  two  solutions  of  NjOs 
in  sulphuric  acid,  one  of  them  in  concentrated,  the  other  in 
dilute  sulphuric  acid,  the  former  will  enrich  itself  in  N0O3  at 
the  expense  of  the  latter,  even  if  it  be  to  a  certain  extent  hotter 
than  the  latter.  Even  the  presence  of  SO^  does  not  prevent  the 
solution  of  N2O3  in  sufficiently  concentrated  acid,  provided  that 
oxygen  is  present  in  excess  and  that  the  tension  of  the  N3O3 
(actually  present  or  possible  to  be  formed  from  NO  and  O)  is 
greater  than  that  of  the  acid  in  question.  On  the  other  hand,  the 
SO2  will  decompose  (i.  e.  denitrate)  the  acid  if  the  outer  tension 
of  N2O3  is  less  than  that  of  the  acid,  or  on  diluting  the  latter,  or 
on  raising  the  temperature.  [These  are  indisputable  facts,  well 
known  before  Sorel,  but  very  clearly  put  by  him  with  the  addition 
of  bringing  in  the  '*  tension  "  of  NjOg,  about  which  he  could  not 
have  known  very  much  in  detail,  and  which,  in  the  light  of  modem 
theories,  we  should  partly  or  entirely  replace  by  the  mass-action 
of  the  vapours.  Much  more  material  for  deciding  these  questions 
has  been  furnished  by  my  own  and  my  assistants'  investigations, 
p.  227  et  seq.] 

We  will,  for  instance,  assume  a  certain  definite  quantity  of  acid 
of  57°  B.  (=  130°-4  Tw.),  containing  so  much  NjOj  that  for  a 
specified  temperature  the  equilibrium  with  the  surrounding  gaseous 
mixture  is  established.  This  add  hovers  as  a  mist  in  the  gaseous 
mass.  Suppose  a  certain  volume  of  this  gaseous  mass  is  cooled 
down,  the  pressure  remaining  the  same ;  then  part  of  the  aqueous 
vapour  contained  in  the  gaseous  mixture  will  be  precipitated  in  a 
liquid  form  and  will  dilute  the  acid.  The  acid  will  thus  become 
incapable  of  withdrawing  all  its  N2O3  from  the  influence  of  the 
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.SOj  pi-esent ;  some  NO  will  be  formed,  but  also  some  H2SO4,  by 
which  the  acid  becomes  more  concentrated.  If  now  the  gaseous 
mass  is  brought  back  to  the  former,  higher,  temperature,  the  acid 
must^  in  accordance  with  the  rise  of  temperature,  yield  up  aqueous 
vapour,  till  it  has  again  attained  the  density =57°  B.,  at  which  it 
once  more  fixes  NO  and  0  in  the  shape  of  NgOg. 

Lieaving  out  of  consideration  the  secondary  reactions,  Sorel, 
like  myself,  regards  the  intermediate  formation  of  nitroso- 
snlphuric  acid  (the  fixation  of  oxygen  upon  sulphur  dioxide  by 
means  of  nitrous  acid)  as  one  of  the  principal  reactions,  followed 
by  the  decomposition  of  that  compound,  by  dilution  with  water, 
into  sulphuric  acid  and  nitrous  acid. 

The  principal  cause  for   determining  the  reaction  in   this   or 
that  sense  is  a   change  of  temperature.      We  have  seen  before 
(p.    715)    that  the   temperature   near   the   leaden   walls   of    the 
chamber    is    considerably   less   than    that   of    the    inner   parts ; 
therefore    the   gases   must   assume   a   quick    rotation    round    a 
nearly  horizontal  axis,  and  each  minute  drop  of  acid,  according 
to  the  change  of  vapour-tensions,  must  first  be  concentrated  in 
the  central  portion  and  then  be  diluted  again  near  the  walls. 
Suppose  we  have  a  chamber-acid  of  116°Tw.  or  67  per  cent. 
H3SO4.       If,    as   was    the   case   in    a   special    experiment,   the 
temperature  next  to  the  walls  is  =  75°,  that  in  centre =90°,  the 
vapour-tension   of  67  per   cent,  acid   next   to   the  wall  will  be 
=  27   millim.    (comp.    the   table   p.  196)  ;    and   since  the   acid 
hovering   in   the  centre   must    have  the    same  vapour-tension, 
but  the  higher  temperature  of  90°,  its  concentration  (according  to 
the  same  table)  must   be =73  per   cent.  H2SO4  or  =  130°-4Tw. 
If,  for  instance,  the  acid  near  the  wall  had  contained  only  64  per 
cent.  H2SO4,  its  vapour- tension  would  have  been =37*4  millim., 
and  the  hotter  acid  in  the  centre  would  at  equal  tension  have 
contained  71  per  cent.  =  126°  Tw.     A   number  of  observations 
made  by  Sorel  at  working-chambers  show  that  the  above-supposed 
differences  do  exist,    which  proves   that   the   assumption   of  an 
equal  vapour-tension  all  over  the  chamber  is  correct,  and  conse- 
quently also  the  assumption  that  regularly  the  concentration  of 
the  acid  is  greater  near  the  centre  than  near  the  walls,  where  the 
cooling  action  of  the  air  is  at  play.     But  as  the  greater  concen- 
tration of  the  acid  favours  the  fixation  of  nitrous  vapours  by  SO3 
and  O,  in  the  shape  of   SO5NH,  and  the   greater  dilution  the 

3d2 
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decomposition  of  this  compound  into  H2SO4  and  N2O3,  it  follows 
that  the  formation  of  SO5NH  takes  place  chiefly  in  the  centrer, 
and  that  of  real  H2SO1  principally  near  the  walls.  The  neigh- 
bourhood of  the  walls  thus  increases  the  production,  as  the  cooliDg 
brings  about  the  condensation  of  water^  the  dilution  of  the  nitrous 
acid^  and  its  decomposition  into  H2SO4  and  NjOg.  To  a  smaller 
extent  this  is  also  efi'ected  by  the  neighbourhood  of  the  acid  layer 
at  the  bottom^  which  is  both  cooler  and  more  dilute  than  the  acid 
floating  about  in  the  centre.  All  this  is  indirectly,  but  certainly, 
proved  by  the  fact  that  a  few  centimetres  from  the  wall,  where 
the  formation  of  H2SO4  must  be  strongest,  and  equally  a  little 
above  the  bottom  acid,  the  greater  intensity  of  the  reactions  is 
manifested  by  a  rise  of  temperature. 

As  the  gaseous  current  moves  nearer  the  end  of  the  chamber 
it  becomes  poorer  in  SO2,  and  the  reactions  are  therfore  less 
intense.  Moreover,  observation  shows  that  the  temperature  in  the 
second  half  of  the  chamber  hardly  sinks  at  all  in  the  centre,  and 
but  2°  near  the  walls.  Less  H2SO4  being  made  in  this  part,  the 
acid  in  the  centre  is  more  dilute,  and  less  able  to  fix  N2O3  and  SO^ 
in  the  shape  of  SO5NH,  and  that  at  a  time  when  the  smaller 
quantity  of  SO2  anyhow  makes  this  reaction  more  difficult.  This, 
according  to  Sorel,  explains  the  almost  total  cessation  of  the  re- 
actions in  the  back  part  of  the  first  chamber,  observed  by  Lunge 
and  Naef ;  and  it  also  explains  the  revival  of  the  process  in  the 
second  chamber,  observed  by  them,  as  the  gases  are  cooled  near 
the  end  walls  of  the  chambers  and  in  the  connecting-pipe  to  the 
extent  of  20*^  or  30°  C.  In  fact  a  chamber  exposed  on  the  north 
side  to  the  free  air,  and  on  the  south  side  to  the  radiation  from  a 
second  chamber,  made  at  the  north  wall  2\  times  more  acid 
3°Tw.  stronger  than  at  the  south  wall. 

There  must  be  a  close  connection  between  the  temperature  at 
the  chamber-wall,  the  nitrous-acid  tension^  the  intensity  of  the 
reactions  at  any  given  point,  and  the  outside  temperature.  For 
every  description  of  chambers,  every  special  place  in  them,  and 
every  rate  of  manufacture,  a  certain  temperature  must  be  the  most 
favourable — that  which  causes  neither  too  much  nor  too  little 
vapour-tension  under  the  given  circumstances.  Both  when  the 
temperature  is  too  high  or  when  it  is  too  low  more  nitre  is  used 
than  under  normal  conditions  [the  damage  done  by  too  low  a 
temperature  is  doubtful ;  compare  the  Freiberg  experiences,  p.  712J . 
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In  the  case  of  the  high-pressure  style  of  working,  where  the  tem- 
perature is  higher  to  begin  with,  any  rise  of  the  outside  temperature 
makes  less  difierence.  Many  French  manufacturers  have  adopted 
this  high-pressure  style  (brought  about  by  a  very  large  supply  of 
nitre,  by  means  of  ample  6ay-Lussac  and  Glover  space^  comp. 
pp.  468,  497,  561,  624,  &c.),  where  the  draught  is  better  and 
the  cost  of  plant  less ;  but  this  can  only  be  done  with  medium- 
sized  chambers,  as  otherwise  the  heat  rises  too  much  at  the 
commencement. 

We  see  how  important,  in  Sorel's  view,  is  the  part  played  by 
the  division  of  the  total  chamber-space  into  several  chambers. 
We  cannot  doubt  that  in  reality  the  cooling-action  of  the  chamber- 
walls  and  ends  and  of  the  connecting-pipes  is  very  important. 
But  Sorel  does  7iot  explain  why,  according  to  his  own  showing,  the 
chamber  temperature  sinks  very  little  in  the  second  half,  and  very 
little  acid  is  made  there,  although  the  surface  of  lead  on  this  part 
of  the  two  long  sides  and  the  roof  is  very  much  larger  than  on  the 
two  ends  and  the  connecting-pipes  taken  together. 

This  seems  to  prove  that  the  cooling  is  nothing  like  the  all- 
important  factor  assumed  by  Sorel,  and  that  the  more  intimate 
mixture  of  gaseous  and  liquid  particles  in  the  connecting-pipes 
aTid  the  shock  against  the  solid  surfaces  which  brings  about  a 
condensation  of  the  particles  of  mist  to  larger  drops,  where  the 
liquid  substances  meet  and  react  upon  each  other^  must  be  equally 
acknowledged  as  potent  factors  for  explaining  the  anomaly  ex- 
hibited in  the  curves,  figs.  309  &  310,  p.  730.  In  my  own  proposals 
for  modifying  the  chamber  system,  as  explained  on  p.  478  et  seq,,  all 
the  influences  for  reviving  the  chamber-process  are  brought  into 
action, — that  of  an  intimate  mixture,  of  the  shock  against  solid 
surfaces^  and  of  the  dilution  of  the  acid  by  water,  which  at  the 
same  time  serves  as  a  cooling  agent;  and  we  have  also  seen 
(p.  497  et  seq.)  that  many  years'  practice  has  now  proved  the 
efiBciency  of  those  proposals  to  which  I  had  been  led,  firstly  by  the 
experiments  made  by  myself  with  Naef  on  the  Uetikon  chambers^ 
secondly  by  my  theoretical  views  as  they  were  gradually  evolved 
from  both  factory  and  laboratory  work. 

Ostwald  (at  the  Congress  of  Electrochemists  in  1895  and  the 
German  Naturforscher-Versammlung  in  1901 ;  '  Grundriss  der 
AUgemeinen  Chemie,'  3rd  edition,  p.  516)  has  pointed  out  that 
the  nitrous  vapours  in  the  lead-chamber  process  act  merely  as 
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catalyzing  agents,  by  greatly  increasing  the  speed  of  the  otherwise 
very  slow  and  incomplete  reaction:  S02  +  0  +  H20  =  H2S04.      Of 
course  no  objection  can  be  made  against  extending  the  class  of 
"  catalytic  processes/^  with  which  we  must  of  necessity  deal  when 
speaking  of  the  manufacture  of  sulphur  trioxide  in  Chapter  XI., 
so  as  to  embrace  the  vitriol-chamber  process  as  well  *.     But,  as  I 
have  shown  in  Zsch.  angew.  Ch.  1902,  p.  148  et  seq.,  it  would   be 
a  grave  error  if  we  imagined  that  we  are  explaining  that  (or  any 
other)  process  by  calling  it  "  catalytic,''  or  that  by  giving  it  that 
name  we  may  detract  from  the  minute  investigation  of  the  inter- 
mediary  reactions.     On  the  contrary,  only  the  latter  can  lead  up 
to  a  real ''  explanation  "  of  the  process,  just  as  will  be  shown   in 
Chapter  XI.     In  the  present  case  Ostwald's  enunciation  has  caused 
some  little  mischief,  as  others  (like  Th.  Meyer),  on  the  alleged  autho- 
rity of  that  eminent  theoretical  chemist,  believed  they  might  neglect 
as  unessential  the  intermediate  reactions  between  the  nitrogen  oxides 
and  the  other  substances  present.     Ostwald  himself  did  not  go  so 
far,  he  simply  said  that  the  assumption  of  intermediate  products 
is  not  suitable  for  all  cases ;  but  proof  should  be  given  that  the 
intermediate  reactions   in   fact  proceed   more   quickly  than  the 
direct  reaction.     But  in  the  present  case  this  proof  is  abundantly 
afforded  by  the  experience  of  many  generations j  and  is  constantly 
repeated  by  every  teacher  of  chemistry.     While  the  formation  of 
sulphuric  acid  by  the  direct  action  of  SO^  on  air  and  water  is 
notoriously  an  extremely  slow  and  incomplete  process  (p.  750), 
every  lecturer  on  chemistry  shows  the  instantaneous  formation  of 
chamber   crystals    when  the  above   reagents  meet  with  nitrous 
vapours,  and  the  equally  instantaneous  decomposition  of  these 
crystals  when  meeting  an  excess  of  water.     I  cannot  conceive  a 
more  complete  fulfilment  of  the  condition  demanded  by  Ostwald, 
and  a  more  utter  deductio  ad  absurdum  of  those   who   would 
henceforth  consider  the  reactions  of  the  nitrous  vapours  in  the 
lead  chambers  as  unimportant  "  by-reactions  "  whose  study  is  not 
essential  for  arriving  at  a  theory  of  the  chamber-process. 

Several  papers  on  the  theory  of  the  vitriol-chamber  process, 
published  within  the  last  few  years,  can  be  only  briefly  quoted^ 
as  they  contain  nothing  of  importance. 

Loew  (Zsch.  angew.  Chem.  1900,  p.  338)  tries  to  apply  the  law 

*  We  shall  see  later  on  that  this  process  must  not  be  classed  among  '^  pure 
catalytic  processes/'  but  among  **  pseudo-catalytic  "  ones. 
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of  the  action  of  masses  to  the  above  process.  But,  as  I  have  shown 
{op.  cit.  1902,  p.  146),  he  makes  inadmissible  simplifications  and 
other  erroneous  assumptions  which  render  his  reasoning  futile. 

Th.  Meyer  (op,  cit.  1901,  p.  1245)  even  makes  a  much  less 
successful  attempt  in  the  same  direction.  I  have  shown  {op.  cit. 
1902,  p.  147)  that  he  has  entirely  misunderstood  the  law  of  the 
action  of  masses  and  has,  moreover,  committed  so  many  other 
grave  mistakes  that  there  is  no  occasion  to  discuss  his  paper  here, 
the  less  so  as  he  has  entirely  acknowledged  the  justice  of  my 
remarks  {op.  cit.  1902,  p.  278). 

The  discussion  as  to  the  possibility  of  establishing  a  mathe- 
matical theory  on  the  above  lines  has  been  continued,  without  any 
practical  nesult,  by  Kiedel  (op.  cit.  1902,  p.  462),  Lunge  {ibid. 
p.  581),  Haagn  {ibid.  p.  583),  Riedel  {ibid.  p.  858),  Lunge  {ibid. 
p.  931),  Keppeler  (ibid.  p.  809). 

Of  much  greater  importance  is  the  paper,  which  we  shall  now 
refer  to,  viz.  Brode's,  in  Zsch.  f.  angew.  Chem.  1902,  p.  1081. 
He  broadly  surveys  the  laws  of  chemical  dynamics,  and  I  shall 
give  a  short  abstract  of  this  paper,  so  far  as  it  concerns  our  subject. 
Theoretically  every  reaction  may  be  regarded  as  incomplete  at  any 
temperature,  since  our  analytical  methods  will  never  be  sufficiently 
exact  to  detect  the  minutest  traces  of  unchanged  substances. 
But  practically  we  must  regard  those  reactions  as  complete  in 
which  the  products  of  one  side  of  the  equation  cannot  be  alto- 
gether detected  and  in  which  the  reaction  proceeds  entirely  in  the 
ratio  of  the  equivalent  weights.  These  reactions  are  denoted  by 
the  mark  of  equality  = .  Incomplete  are  those  reactions  which  are 
reversible f  and  which  are  denoted  by  the  mark  X  (van't  Hoff). 

At  ordinary  temperatures,  for  instance,  the  reaction  2H2  +  02=: 
2HsO  is  complete,  at  high  temperatures  it  is  incomplete : 

2H2+0,:;:2H20. 

Nearly  all  reactions  are  incomplete  at  high  temperatures,  and  at 
extreme  temperatures  the  reaction  would  be  complete  in  the 
sense:  2H20=2H2-f-02. 

If  we  enquire  how  far  different  reactions  actually  take  place, 
that  is,  if  we  regard  the  position  of  equilibrium,  we  find  enormous 
variations  which  we  ascribe  to  the  difference  of  chemical  affinities. 
We  measure  tliese   by  the   '*  constant  of  equilibrium,"  which. 
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according  to  the  law  of  the  action  of  masses,  has  the  following 
meaning  : — For  every  reaction  at  constant  temperatures  the  pro- 
duct of  the  concentrations  of  the  reacting  substances  on  one  side 
of  the  equation^  divided  by  the  product  of  the  concentrations  of 
the  substances  on  the  other  side^  possesses  a  constant  value,  if  we 
state  the  cencentration  in  ^' moles"  (gram-molecules  per  litre). 
If  two,  three,  or  n  molecules  react  at  the  same  time,  in  lieu  of  the 
simple  concentrations  the  second,  third,  or  nth  power  must  be 
assumed.  The  constants  are  therefore  independent  of  the  con- 
centration and  remain  unchanged  for  every  reaction  at  certain 
temperatures.  In  the  case  of  incomplete  reactions  their  order 
of  magnitude  does  not  differ  very  much  from  unity ;  in  the  case  of 
complete  reactions  their  value  approaches  zero.  The  hiw  of  the 
action  of  masses  admits  of  computing  the  shifting  of  concentra- 
tions consequent  upon  adding  an  excess  of  one  of  the  components 
to  a  mixture  in  the  state  of    equilibrium.      If,   for  instance, 

in  the  reaction  Ci  +  ^2^0  the  three  substances  are  at  equilibrium, 
they  are  in  the  relation  :    ^^-~  =  const.     If  we  now   add   to  c, 

another  quantity  =  a,  there  will  be  a  change  of  x  molecules  in 
the  sense  of  using  up  somewhat  more  of  the  substance  c^ ;  when 
the  equilibrium  is  again  reached,  the  concentration  of  the  second 
component  will  not  be  c^  +  a,  but  ^2  + a— ar,  and  the  concentrations 
will  fulfil  the  following  conditions  : 

'-^^  =  const.  =  (£i-^)J^+^. 

This  admits  of  computing  the  value  of  x.  If  one  of  the  com- 
ponents is  in  great  excess,  the  concentration  of  the  other 
component  can  be  reduced  to  a  very  small  value. 

VanH  Hoff  has  shown  how  the  reaction-constants  can  be 
quantitatively  computed  from  the  "  heat-toning ''  of  the  reaction. 
From  this  follows  further  that  on  the  shifting  of  the  equilibrium 
a  phenomenon  sets  in  which  opposes  the  shifting  and  partially 
undoes  its  effect;  hence  any  shifting  through  an  elevation  of 
temperature  will  be  combined  with  a  reaction  which  absorbs  heat, 
and  vice  versa ;  at  extreme  temperatures  only  such  reactions  will 
occur  which  absorb  heat  (formation  of  CSj,  CaCj,  NC— CN). 
By  increasing  the  pressure  those  reactions  are  promoted  which 
reduce  the  total  number  of  molecules. 
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But  the  laws  of  chemical  equilibrium  enlighten  us  only  upon  the 
final  state  into  which  a  reacting  mixture  enters  and  whereupon  no 
further  spontaneous  change  takes  place  ;  they  do  not  state  any- 
thing concerning  the  velocity  of  reaction,  the  factor  of  time  not 
finding  any  place  in  thermodynamical  equations.  Concerning  this 
subject  we  may  establish  the  following  specifications  : — 

1.  With  increasing  concentration  of  the  substances  vanishing 
daring  the  reaction^  the  reaction  velocity  g  increases,  and  in  com- 
plete reactions  is  proportional  to  the  concentrations  of  the  moles 
per  litre  ;  thus  :  g  =  kciC^ ;  k  being  a  constant  to  be  found  by 
experiment  for  each  reaction  and  each  temperature.  On  the  other 
hand^  the  concentration  of  the  «czt^/y/onwerf substances  comes  into 
play  only  in  incomplete  reactions.  Here  g  is  the  diflFerence  of  two 
opposite  reactions ;  the  newly  formed  substances,  Ci,  Cg,  causing  a 
change  in  one  direction,  the  vanishing  substances  C3,  C4,  a  change 
in  the  opposite  direction  :  g  s=  kiCiC^  —  k^c^c^. 

In  the  state  of  equilibrium   AriCjCg  =  k2C^Cj^,  hence  g  =  0.     The 

equilibrium-constant  k  is  the  quotient  of  the  two  opposite  velocity 

k 
constants  ^.     When  a  substance  does  not  react  with  one  molecule, 

but  with  n  molecules,  properly  speaking  the  concentration  ought 
to  be  expressed  in  the  nth  power  in  the  equation  of  velocity, 
but  experiment  has  generally  shown  that  lower  powers  must 
be  assumed.  If  the  reaction  goes  on  step  by  step,  only  one  of 
which  requires  sensible  time,  the  others  proceeding  with  extreme 
velocities,  the  total  reaction  must  proceed  with  the  velocity  of  the 
slow  intermediate  reaction. 

2.  The  influence  of  temperature  is  always  felt  by  an  enormous 
increase  of  velocity  on  raising  the  temperature.  Generally  raising 
the  temperature  »xlO°  increases  the  velocity  by  2•5/^;  for 
mstance  30"?  =  2*5  x 2'5  x 25.  Thus  a  process  which  nt  100° 
requires  an  hour,  at  0°  will  take  a  year. 

3.  By  means  of  catalyzers  the  velocity  may  be  increased  to  such 
an  extent  that  a  reaction  which  by  itself  has  an  infinitely  small 
velocity  (=0),  after  adding  a  certain  substapce,  which  remains 
unchanged  during  the  reaction,  is  effected  in  an  immeasurably 
short  time.  As  pure  catalysis  we  denote  the  cases  where  inter- 
mediate reactions  are  impossible  or  unlikely  ;  as  pseudo-catalysis 
(Wagner)  those  cases  in  which  intermediate  reactions  are  proved 
or  probable.     Neither  kind  of  catalyzers  elm  shift  the  position  of 
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equilibrium  ;  otherwise  we  should  attain  to  a  perjjetuum  mobile. 
Catalyzers  cannot  possibly  influence  the  free  energy  of  a  system ; 
they  merely  influence  the  time  of  reaction.  What  causes  the 
di£Eerence  in  velocity  of  various  reactions  is  an  entirely  unsolved 
problem. 

The  application  of  the  above  to  the  theory  of  the  formation 
of  SOa  from  SO2  and  O  will  be  referred  to  in  the  11th  Chapter. 
Here  we  consider  merely  how  far  we  can  apply  the  hitherto 
attained  results  of  chemical  dynamics  to  the  lead-chamber 
process.  Brode  agrees  with  me  in  holding  that  in  this  process^ 
where  hydrated  sulphuric  acid  is  practically  completely  formed  at 
a  maximum  temperature  of  90°^  the  laws  of  chemical  equilibrium 
cannot  be  applied.  We  can  only  think  of  applying  the  laws  of 
the  velocity  of  reactions.  Elsewhere  we  always  notice  an  increase 
of  velocity  with  increasing  temperatures ;  how,  then,  can  a  com- 
plete reaction  have  an  optimum  of  temperature  ?  The  explanation 
is  this :  that  the  pseudo-catalytical  action  of  the  nitrogen  oxides 
in  the  chamber  is  founded  on  two  intermediate  reactions  of 
different  velocity.  In  such  cases  the  time  required  by  the  entire 
reaction  always  depends  upon  the  slower  of  the  intermediate  re- 
actions. Since  in  the  lead  chamber  water  is  always  present  in  the 
shape  of  mist,  the  process  goes  on  in  two  phases,  the  liquid  and 
the  gaseous.  With  an  increase  of  temperature  more  and  more 
aqueous  mist  is  changed  into  steam.  But  nitrososulphuric  acid 
requires  liquid  water  for  its  decomposition,  so  tliat  with  the 
decreasing  concentration  of  the  latter  the  velocity  of  one  of  the 
intermediate  reactions  must  equally  decrease.  Moreover  this 
reaction  is  incomplete  with  low  concentrations  of  water.  We 
have  thus  an  interesting  case  of  pseudo-catalysis.  The  direct  re- 
action is  practically  not  reversible,  nor  is  the  first  of  the  inter- 
mediate reactions'*^,  but  the  second  of  these  (the  decomposition  of 
nitrososulphuric  acid  by  water)  is  reversible.  Consequently  after 
some  time  nothing  remains  of  the  original  SOs,  but  part  of  the 
SO5NH  will  remain  undecomposed,  since  for  practical  reasons, 
sufficiently  elucidated  in  the  text  of  this  chapter,  it  is  not  feasible  to 
employ  in  the  last  chamber  a  sufficient  excess  of  water  to  com- 
pletely decompose  the  nitrososulphuric  acid.  Thus  a  considerable 
quantity  of  the  latter  must  remain  up  to  the  last,  and  it  would  be 

*  Comp.  (p.  2:^4)  my  obeervations  as  to  the  great  stability  of  nitroeosulphoiic 
acid  in  the  absence  of  water. 
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removed  with  the  inert  nitrogen  and  oxygen  if  it  were  not  retained 
by  the  Gay-Lussac  tower.  This  theory  has  explained  the  reason 
of  the  fact,  known  to  practical  acid-makers  for  more  than  half  a 
century,  that  there  must  be  a  large  excess  of  nitrogen  oxides  in 
the  last  chamber  if  the  conversion  of  SO3  into  H2SO4  is  to  be 
practically  complete. 

Since  in  the  lead  chamber,  as  in  every  heterogeneous  process, 
the  velocities  of  condensation  and  absorption  also  essentially 
influence  the  total  velocity,  the  phenomena  are  very  complicated 
and  are  not  yet  accessible  to  mathematical  treatment ;  hence  a 
dynamical  theory  of  the  formation  of  sulphuric  acid  in  the  lead 
chamber  cannot  yet  be  established. 

In  his  excellent  treatise  ^  Die  Elemente  der  cliemischen  Kinetik ' 
(Wiesbaden,  1902),  Bredig  equally  shows  that  the  quantitative 
working  out  of  the  intermediate  reactions  in  the  lead-chamber 
process  must  be  an  extremely  complicated  problem  of  chemical 
kinetics,  which  is  not  likely  to  be  realized  very  soon.  Until  it  is 
known  we  must  be  content  with  my  above-given  demonstration, 
that  there  is  an  enormous  difference  in  velocity  between  the  direct 
oxidation  of  SO3  by  O  and  the  intermediate  reactions  postulated 
by  me,  which  cannot  be  reactions  of  secondary  importance,  since 
they  always  occur  immediately  and  qvantitatively  whenever  the 
components  meet. 
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CHAFTER  VIII. 

THE  PUEIFICATION  OF  SULPHURIC  ACID. 

Commercial  sulphuric  acid^  as  it  is  produced  in  the  chambers^ 
always  contains  a  number  of  impurities^  partly  owing  to  the  raw 
material,  especially  the  pyrites,  partly  to  the  nitre,  the  water, 
the  lead  of  the  chambers,  &c.  Since  this  acid,  if  at  all,  is 
usually  purified  at  the  stage  at  which  we  have  now  arrived,  viz. 
as  chamber-acid,  before  being  concentrated,  we  shall  now  treat  of 
this  subject,  although,  in  the  great  majority  of  works,  the  chamber- 
acid  is  never  purified,  nor  is  there  any  occasion  for  it.  For  the 
sake  of  completeness,  we  shall  here  describe  also  the  manufacture 
of  pure  distilled  oil  of  vitriol,  although  this  already  presupposes  the 
concentration  of  acid  on  a  large  scale,  to  be  subsequently  described. 
The  hnpurities  of  chamber-acid  may  consist  of : — arsenic  acid, 
arsenious  acid,  antimonic  oxide,  selenium,  thallium,  lead,  zinc, 
iron,  copper,  mercury,  calcium,  aluminium^  alkalies;  further, 
sulphurous  acid,  nitric  acid,  nitrous  acid,  nitric  oxide  (in  the 
presence  of  ferrous  sulphate),  organic  substances.  According  to 
Kuhlemann,  for  instance  (Wagner's  Jahresb.  1872,  p.  258),  the 
acid  of  two  Harz  works  contained  to  each  100  grams  SO3 : — 

a,  b. 

Arsenic 00088  grm.  0*0174  grm. 

Antimony 0*0394    „  trace. 

Copper 00013     „ 

Iron 0*0081     „  not  estimated. 

Zinc 0-0087     „  „ 

Lead trace  0*0231  grm. 


Selenium  occurs  very  frequently  in  sulphuric  acid,  where  its 
presence  is  more  and  more  noticed  {e,  g.  Davis,  J.  Soc.  Ch.  Ind. 
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1883,  p.  157,  and  Lunge,  Ch.  Ind.  1883,  p.  128) ;  its  occurrence 
in  the  flue-dust  and  the  chamber-deposit  is  well  known. 

Most  of  these  substances  occur  partly  in  too  small  a  quantity  in 
the  acid  to  be  injurious,  and  they  are  partly  without  any  influence 
for  most  uses  of  sulphuric  acid ;  the  lead,  for  instance,  is  almost 
entirely  precipitated  on  diluting  the  acid,  the  iron  during  its  con- 
centration in  the  platinum  still,  in  the  shape  of  pink  crystals  of 
anhydrous  ferric  sulphate.  But  there  are  cases  where  these  im- 
purities may  cause  trouble.  Thus,  according  to  Deutecom  (Chem. 
Zeit.  1892,  p.  574),  a  minute  quantity  of  mercury  makes  sulphuric 
acid  less  suitable  for  pickling  brass  objects.  Nitric  acid  causes 
wool  to  be  stained  yellow  in  the  "  carbonizing ''  process.  Platinum 
renders  the  acid  unsuitable  for  electrical  storage-batteries.  Iron 
sometimes  causes  a  pink  colour,  which  is  removed  by  a  little  nitric 
acid,  sometimes  even  by  the  action  of  atmospheric  air.  [This  looks 
as  if  the  pink  colour  was  not  caused  by  iron,  but  by  selenium.] 
Sorel  (^Fabrication,'  p.  414)  states  that  selenium  is  prejudicial 
to  the  acid  required  for  parting  gold  and  silver.  Drinkwater 
('  Analyst,'  viii.  p.  63)  holds  the  same  view  with  respect  to  the 
purification  of  mineral  oils. 

These  are,  however,  exceptional  cases. 

The  only  two  impurities  which  cause  much  trouble  for  many 
applications  of  sulphuric  acid  are  arsenic  and  nitrogen  acids — the 
former  from  a  sanitary  point  of  view  *,  the  latter  owing  to  the 
action  of  the  nitrogen  acids  on  the  platinum  stills;  and  most 
methods  of  purification  therefore  aim  at  the  removal  of  these 
substances. 

Methods  of  Purification. 

Apart  from  the  cases  where  impurities  are  at  least  partially 
removed  from  sulphuric  acid  in  the  manufacturing  process  itself, 
e,  g.  the  constituents  of  flue-dust  by  the  Glover  tower,  the  iron,  the 
crusts  forming  in  the  platinum  stills,  &c.,  special  purifying  processes 
are  sometimes  employed  either  because  some  impurity  {e.  g.  arsenic) 
occurs  in  an  unusually  large  quantity,  or  else  very  pure  acid 
is  required  for  special  purposes.  Different  methods  must  be  em- 
ployed for  different  cases,  but  the  most  important  of  these  refer  to 

*  We  need  only  point  to  the  '' beer-scare "  of  1900^  consequent  upon  the 
miachief  done  by  drinking  beer  brewed  with  addition  of  p^lucose  which  had  been 
prepared  by  means  of  sulphuric  acid  with  an  extraordinarily  high  percentage  of 
arsenic,  some  of  which  remained  in  the  glucose. 
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the  removal  of  arsenic  and  to  that  of  the  nitrogen  compounds.  If 
acid  is  treated  for  the  removal  of  arsenic  by  H3S,  nearly  all  the 
other  inpurities  are  removed  at  the  same  time. 

Frequently  sulphuric  acid  is  muddy.  A  very  slight  quantity  of 
lead  sulphate  and  especially  of  selenium  may  cause  this,  nor  is  the 
muddiness  always  removed  by  du^t-chambers.  This  is  more  easily- 
effected,  up  to  a  residue  of  about  3  milligrams  per  litre,  by  making 
the  acid  slowly  traverse  several  chambers,  if  possible  in  a  zigzag 
direction.  At  Griesheim  the  acid  is  practically  clarified  by  means 
of  a  small  tower  filled  with  pebbles,  but  not  fed  with  any  liquid, 
and  interposed  between  the  burners  and  the  Glovers ;  the  dirty  acid 
condensing  here  shows  about  85°  Tw.  Coarser  solid  matters  may 
be  removed  by  sand-filters,  but  these  frequently  do  not  efiEect  a 
clarification  of  sulphuric  acid  from  selenium  or  other  very  finely 
divided  substances.  This  is  such  a  frequent  case  that  many  buyers 
do  not  object  to  the  turbid  appearance  of  the  acid,  which  in  reality 
does  not  interfere  with  its  use  in  the  great  majority  of  cases.  Good 
filters  for  turbid  sulphuric  acid,  capable  of  making  it  thoroughly 
limpid  in  every  case,  are  not  yet  known. 

The  Purification  of  Sulphuric  Add  from  Arsenic, 

Arsenic  is  found  rarely,  and  never  in  more  than  insignificant 
traces,  in  acid  which  has  been  made  from  brimstone  :  most  of  the 
latter  material,  by  far,  is  used  where  acid  free  from  arsenic  is 
wanted.  On  the  other  hand,  most  kinds  of  pyrites  contain  arsenic ; 
and  the  acid  obtained  from  pyrites  is  therefore  arsenical,  but  in 
very  diflFerent  degrees,  according  to  the  percentage  of  arsenic  in 
the  pyrites  and  to  the  mode  of  manufacture. 

The  percentage  of  arsenic  in  pyrites  is  stated  very  differently : 
whilst  most  analyses  of  the  ordinary  ores  only  show  ''  traces  *'  up 
to  fractions  of  1  per  cent.,  H.  A.  Smith  asserts  that  he  has  found 
much  larger  quantities  in  the  ores  most  commonly  employed,- viz. 
in  Westphalian  pyrites  1*878,  in  Belgian  pyrites  0*943,  in  Spanish 
1*651,  in  Portuguese  1*745,  in  Norwegian  1*649-1*708  per  cent,  of 
arsenious  acid.  These  analyses  are  decidedly  suspicious  since 
their  results  difl'er  so  much  from  all  others.  Nor  can  we  accept 
his  estimations  of  arsenic  in  the  various  products  of  th6  alkali 
manufacture,  derived  from  the  original  arsenic  in  the  pyrites,  his 
results  being  extraordinarily  high  (details  in  our  first  edition^ 
p.  462). 
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Stahl  (Zscli.  f.  angew.  Chem.  1893,  p.  54),  in  working  Spanish 
pyrites,  found  in  the  acid  of  the  first  chamber  0'16  per  cent.  AS2O3, 
in  the  second  O'Ol  per  cent.,  in  the  third  0*007  per  cent.,  and  in  the 
last  chamber  only  a  trace.  When  working  purer  pyrites  from 
Virginia  or  New  England,  the  acid  of  the  first  chamber  contained 
0"005  per  cent.  A82O3,  the  second  nothing,  the  average  0*002  per 
cent.,  all  calculated  on  acid  of  66°  Be. 

Brauning  (Preuss.  Zsch.  f.  Berg-  etc.  Wesen,  1877,  p.  142)  states 
that  the  chamber-acid  made  at  Oker  contains  on  an  average  0*05 
per  cent,  arsenic  (and  0*008  percent,  antimony).  At  Freiberg, 
in  1880,  according  to  direct  information,  the  chamber-acid  con- 
tained generally  0*02  per  cent.,  but  sometimes  up  to  0*14  per  cent. 
arsenic.     Later  on  we  shall  see  how  it  stood  there  iu  1902. 

Hjelt  (Dingl.  Joum.  ccxxvi.  p.  174)  found  in  Westphalian  pyrites 
only  0*30,  in  Norwegian  only  traces,  in  Spanish  pyrites  on  an 
average  0*91  per  cent,  of  As.  Of  the  latter  there  remained  in  the 
cinders  0*19  per  cent.,  in  the  saltcake  none ;  in  the  hydrochloric 
acid  :  (a)  pan  acid  of  38°  Tw.,  0*066  per  cent. ;  (A)  drier  acid  of 
32° Tw.,  0*014  per  cent.  This  proves  that  the  AsCla  mostly  vola- 
tilizes in  the  pan.  So  far  as  the  sulphuric  acid  is  concerned, 
Hjelt  found,  with  the  same  Spanish  pyrites,  containing  0*91  per 
cent,  of  As,  for  each  100  parts  of  H2SO4,  in  the 

Chamber  acid 0*202  As,  of  which  0040 as  AsgOg. 

Glover-tower  acid 0*331      „        „       0041 

Gay-Lussac-tower  acid  ...  0*341      „        „      0*132 
Acid  of  the  last  chamber  .  0*019 


9} 


The  higher  proportion  of  the  Glover-tower  acid  comes  from  the 
arsenic  contained  in  the  gas;  the  increase  of  arsenic  acid  in  the 
Gay-Lussac  tower  is,  of  course,  caused  by  the  oxidizing  action 
of  the  nitrous  vitriol. 

I  am  informed  by  Mr.  G.  E.  Davis  that,  in  1902,  his  acid  from 
Rio  Tinto  pyrites,  as  it  went  to  the  saltcake  department  135  °Tw. 
strong,  contained  on  an  average  4*83  grams  As  per  litre. 

Hehner  (J.  Soc.  Chem.  Ind.  1901,  p.  188)  takes  the  average  of 
AsjOa  in  ordinary,  unpurified  pyrites  acid = 0*2  per  cent.  ^'  Purified'^ 
acid  ought  not  to  contain  more  than  1  part  As^Os  in  200,000  of 
acid,  according  to  the  same  authority. 

According  toG. E.Davis  (Chem.  News,  xxxvii.  p.  155),  in  the 
Glover  tower  all  arsenic  acid  is  reduced  to  arsenious  acid  by  the 
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burner-gas^  and  in  the  Gay-Lussac  tower  all  is  again  converted 
into  arsenic  acid.  This  assertion  is  not  in  accordance  with  the 
analyses  of  Hjelt  just  quoted^  nor  with  my  own  analyses^  in  which 
I  always  found  .both  degrees  of  oxidation  of  arsenic  at  the  same 
time. 

Filhol  and  Lacassin  found  in  three  samples  of  ^'  pure  "  commercial 
sulphuric  acid,  per  kilog. : — 1'2870  grm. ;  0'5691  grm. ;  traces  of 
AS3O3  (Wagner's  Jahresb.  1862,  p.  212).  Further  estimations 
of  arsenic  in  commercial  sulphuric  acid,  according  to  Schneder* 
mann,  Kerl,  Filhol,  &c.,  will  be  mentioned  later  on ;  those  of 
Kuhlemann  have  already  been  given,  p.  780. 

Of  course,  even  with  the  same  raw  material,  the  arsenic  in  the 
sulphuric  acid  will  vary,  according  to  whether  the  gas-pipe  leading 
from  the  burners  to  the  chambers  offers  more  or  less  opportunity 
for  depositing  arsenical  iiue-dust.  When  employing  a  Glover 
tower  the  chamber-acid  contains  rather  less  arsenic,  because  a  lai^e 
portion  of  it  is  deposited  at  the  bottom  of  the  tower  in  the  shape 
of  mud,  but  the  acid  from  the  tower  itself  may  occasionally  contain 
all  the  more  arsenic. 

At  the  Freiberg  smelting-works,  where  mixed  ores  containing 
from  2  to  2'5  per  cent,  of  As  are  employed,  about  97  per  cent,  of 
the  arsenic  is  condensed  in  the  large  and  well-cooled  dust-chambers^ 
described  p.  393,  so  that  the  acid  contains  mostly  only  0*02  per 
cent,  of  As,  only  exceptionally  up  to  0-14  percent.,  whilst  formerly 
it  amounted  to  0*25  or  even  0*5  per  cent.  (comp.  p.  394). 

The  acid  made  from  the  very  pure  pyrites  found  in  some  localities 
in  the  United  States  (p.  57)  is,  of  course,  free  from  arsenic. 

On  the  detection  and  estimation  of  arsenic  in  sulphuric  acid^ 
comp.  supra  pp.  248  and  252,  aud  infra  the  Appendix  concerning 
the  publications  issued  during  the  printing  of  this  volume. 

In  most  cases  where  sulphuric  acid  is  employed  a  small  per«^ 
ceutage  of  arsenic  is  of  no  consequence — for  instance,  in  super-^ 
phosphate,  or  in  sulphate  of  soda  to  be  used  for  alkali-  or 
glass-making.  Probably  sulphuric  acid,  when  employed  for  these 
operations,  is  never  subjected  to  a  purifying  process.  In  the  latter 
case  certainly  most  of  the  arsenic  passes  over  into  the  hydrochlorie 
acid  and  can  be  traced  there.  When  the  hydrochloric  acid  is  used 
for  generating  chlorine,  the  arsenic  does  no  harm ;  for  although 
it  probably  passes  over,  at  any  rate  partly,  into  the  chloride  of 
lime,  it  will  only  occur  in  this  as  the  insoluble  and  innocuoua 
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calcium  arseniate.  Much  more  harm  is  caused  by  arsenic  in  the 
sulphuric  or  hydrochloric  acid  which  is  employed  in  the  food- 
industries^  for  instance  in  the  manufacture  of  starch-sugar,  of 
tartaric  acid^  in  the  fermentation  of  molasses^  for  pressed  yeasty 
for  washing  the  regenerated  char  of  sugar-works,  &c.  A.  W. 
Hofmann  has  reported  a  poisoning-case  in  which  bread  was  con- 
taminated with  arsenic  by  the  use  of  arsenical  hydrochloric  acid 
along  with  soda  to  make  the  dough  rise.  It  is  unnecessary  to 
speak  of  medicinal  uses^  since  for  them  crude  sulphuric  or  hydro- 
chloric acid  is  never  supposed  to  be  employed. 

But  even  for  some  purely  technical  uses  arsenic  in  sulphuric  (or 
hydrochloric)  acid  is  not  allowable  : — on  the  one  hand^  for  the 
preparation  of  certain  colours^  for  tinning  iron  (sheet-iron  cleaned 
with  arsenical  sulphuric  acid  is  here  and  there  covered  with  spots 
of  reduced  arsenic^  which  will  not  take  the  tin  coating — see  Gos- 
sage  in  Hofmann*s  Report  by  the  Juries,  1862,  p.  12) ;  on  the 
other  hand,  for  the  manufacture  of  preparations  which  serve  for 
food  or  medicine,  and  into  which  a  portion  of  the  arsenic  might 
pass  over.  To  these  belong  tartaric,  citric,  phosphoric  acids, 
glucose,  milk  of  sulphur,  sulphide  of  antimony,  &c.  Even  in 
Doebereiner's  lighting-machines  arsenical  acid  must  be  avoided, 
since  the  arseniuretted  hydrogen  evolved  in  them  would  soon  spoil 
the  platinum  sponge.  It  has  also  been  observed  that  ammonium 
sulphate  made  from  ammoniacal  gas-liquor  by  means  of  strongly 
arsenical  sulphuric  acid  turns  yellow,  no  doubt  in  consequence  of 
the  formation  of  sulphide  of  arsenic.  It  is  mentioned  in  our  third 
volume,  in  describing  Deacon^s  chlorine  process,  that  arsenical 
sulphuric  acid  here  seems  to  do  great  harm  also. 

In  some  cases,  therefore,  it  is  of  importance  for  the  producers  of 
strongly  arsenical  acid  to  make  it  more  saleable ;  and  a  number  of 
methods  of  purification  have  been  proposed  with  this  object.  None 
of  them  seems  to  produce  an  acid  absolutely  free  from  arsenic,  but 
sufficiently  so  for  all  practical  purposes.  Bloxam  (Pharm.  Journal, 
[2]  iii.  p.  606),  by  employing  his  electrolytical  method  for  the 
discovery  of  arsenic,  found  that  all  samples  sold  as  ^^  chemically 
pure  '^  contained  traces  of  it,  and  that  acid  absolutely  free  from 
arsenic  cannot  be  obtained  in  any  other  way  than  from  pure 
sulphur  dioxide  and  nitric  oxide  in  glass  apparatus  at  a  low  tem- 
perature^ avoiding  all  cork  or  india-rubber ;  the  gases  themselves 
must  be  evolved  cold  or  at  a  very  moderate  heat. 

VOL.  I.  Se 
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The  following  methods  have  been  employed  for  the  separation 
of  arsenic  from  sulphuric  acid  : — 

(1)  Distillation  of  the  sulphuric  acid  (Bussy  and  Buignet^  Dingl. 
Journ.  clxii.  p.  454)  is  said  to  effect  this  purpose^  even  more  com- 
pletely than  precipitation  by  sulphuretted  hydrogen^  provided  that 
the  arsenic  is  all  present  as  arsenic  acid,  which  remains  entirely 
behind  in  the  residue ;  if,  however^  arsenious  acid  be  present^  it  is 
carried  over  with  the  sulphuric  acid.  Since  the  sulphuric  acid  of 
commerce  mostly  contains  arsenious  acid^  it  should  be  treated  with 
nitric  acid^  in  order  to  convert  all  the  arsenic  into  arsenic  acid ; 
then  the  acid  must  be  mixed  with  a  little  ammonium  sulphate  (in 
order  to  destroy  the  nitrous  acid)  and  distilled.  In  this  case  the 
arsenic  is  said  to  be  removed  more  completely  than  by  sulphuretted 
hydrogen  or  barium  sulphide ;  at  the  same  time  the  dilution  of 
the  acid^  necessary  in  the  latter  case^  is  avoided.  But  the  dis- 
tillation of  sulphuric  acid  is  an  operation  somewhat  difficult  on  the 
large  scale^  and  is  not  applicable  for  the  purification  of  chamber- 
acid. 

According  to  Blondlot  (Compt.  Rend.  Iviii.  p.  76),  the  employ- 
ment of  ammonium  sulphate  is  objectionable^  because  by  an  excess 
of  it  arsenic  acid  is  again  reduced.  He  therefore  recommends 
heating  the  acid  with  peroxide  of  manganese  or  potassium  per- 
manganate. Bussy  and  Buignet  deny  that  an  excess  of  ammonium 
sulphate  reduces  arsenic^acid  (Compt.  Rend.  Iviii.  p.  981).  Max- 
well Lyte  (Chem.  News,  ix.  p.  172)  says  the  statement  of  Bussy 
and  Buignet,  that  arsenic  does  not  distil  over  unless  present  as 
arsenious  acid,  is  correct ;  but  in  order  to  obtain  from  the  first 
a  product  completely  free  from  nitrogen  compounds,  he  destroys 
the  latter  by  adding  to  the  sulphuric  acid  i  to  ^  per  cent,  of 
oxalic  acid,  heating  in  a  porcelain  dish  to  110°  C.  with  continuous 
stirring,  cooling  down  to  100°  C,  and  adding  potassium  bichro- 
mate in  the  state  of  powder  or  as  a  solution  in  sulphuric  acid, 
till  the  green  colour  has  been  changed  to  greenish  yellow  and  the 
presence  of  free  chromic  acid  is  thus  indicated.  All  the  arsenic 
is  now  converted  into  arsenic  acid ;  and  on  distillation  a  perfectly 
pure  acid  is  at  once  obtained.  Permanganate  of  potash  performs 
the  same  service,  but  is  more  expensive. 

The  process  of  Menzies,  which  will  be  described  in  the  next 
Chapter,  is  asserted  to  be  at  the  same  time  a  process  for  removing 
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the  arsenic  in  the  shape  of  arseniate  of  iron^  but  it  does  so  only 
Tery  imperfectly,  as  we  shall  see. 

(2)  Removal  of  the  arsenic  as  trichloride. — The  trichloride  boils 
at  125^  C. ;  it  is  therefore  completely  volatilized  on  heatings  long 
before  the  sulphuric  acid  has  begun  to  boil :  this  process  can  be 
used  without  diluting  the  latter.  With  this  object  Otto  and  Lowe 
proposed  heating  the  acid  with  common  salt  (Dingler's  Journal^ 
exxxii.  p.  205) ;  Graeger,  heating  with  barium  chloride,  because 
the  action  in  this  case  in  not  so  rapid  (ib.  civ.  p.  236) ;  Buchner 
(in  1845)  recommended  conducting  a  current  of  hydrochloric- acid 
gas  into  boiling  sulphuric  acid  and  expelling  the  hydrochloric 
acid  by  heating  in  the  open  air.  Bussy  and  Buignet  have  proved 
that  in  this  way  acid  free  from  arsenic  cannot  be  obtained ;  but 
Buchner  (Chem.  Centralbl.  1864,  p.  600)  asserts  that  this  is  due 
to  the  presence  of  arsenic  acid,  and  that  an  acid  entirely  free 
from  arsenic  is  obtained  by  first  reducing  the  arsenic  acid  con- 
tained in  the  sulphuric  acid  by  heating  it  with  charcoal,  when  the 
sulphur  dioxide  evolved  causes  the  reduction;  this  can  also  be 
done  when  introducing  the  current  of  hydrochloric-acid  gas.  If 
Buchner's  statement  is  correct,  the  troublesome  operation  of 
distilling  the  acid  is  unnecessary.  Schwarz  (Wagner^s  Jahresb. 
1865,  p.  232)  heats  the  acid  for  some  time  with  1  per  cent,  of 
common  salt  and  ^  per  cent,  of  charcoal  dust  under  a  chimney  with 
a  good  draught — which  comes  to  the  same  thing,  and  appears  to 
be  more  convenient ;  but  on  carrying  it  out  on  a  large  scale  great 
difficulties  arise  from  the  fact  that  the  process  does  not  work 
with  dilute  acid,  and  that  after  the  introduction  of  common  salt 
into  concentrated  acid  the  glass  retorts  often  crack.  According 
to  Tod  (Liebig's  Jahresb.  1856,  p.  292),  if  a  current  of  HCl  is 
introduced,  heating  to  180°-140°  is  sufficient,  while  if  common 
salt  be  employed  the  acid  must  be  heated  to  180°-190°C.,  in  order 
to  expel  the  arsenic  trichloride. 

Selmi  (Beri.  Ber.  1880,  p.  206)  dilutes  the  acid  with  half  its 
volume  of  water,  adds  some  lead  chloride,  and  distils  off  the  first 
portion,  in  which  all  As  is  contained  as  AsCla.  Hager  (Chem. 
Zeit.  Rep.  1888,  p.  234)  repeats  the  same  proposal,  adding  that  the 
employment  of  chloroform,  proposed  as  useful  in  this  operation, 
may  lead  to  dangerous  explosions.  The  acid,  after  being  decanted 
from  the  lead  sulphate,  is  to  be  submitted  to  fractional  distillation. 

3e2 
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(3)  Precipiiation  of  the  arsenic  as  sulphide. — ^This  is  the  only 
operation  carried  out  on  a  manufacturing  scale^  and  it  offers  the 
additional  advantage  that^  apart  from  the  arsenic^  several  other 
impurities  are  precipitated  (such  as  lead,  antimony,  selenium)  and 
others  are  destroyed  (such  as  sulphurous,  nitrous,  and  nitric  acids). 
Under  all  circumstances  the  precipitation  must  take  place  at 
a  moderate  concentration  of  the  acid ;  too  highly  concentrated 
sulphuric  acid  is  decomposed  by  sulphuretted  hydrogen  urith 
separation  of  sulphur,  according  to  the  equation 

3H2S  +  S04H3=4H80  +  4S ; 

the  acid  must  therefore  be  in  the  state  of  chamber-acid,  or,  better, 
not  above  106°  Tw.  When  the  arsenic  is  present  as  arsenic  acid, 
it  is  much  more  slowly  precipitated  than  when  present  as  arsenious 
acid. 

The  simplest  way  might  be  thought  to  consist  in  generating 
the  sulphuretted  hydrogen  within  the  liquid  itself;  and  we  shall 
first  consider  the  methods  and  proposals  made  for  this  purpose. 

(a)  Precipitation  by  barium  sulphide. — Proposed  by  Dupasquier 
in  1845,  this  process  was  carried  out  practically  at  Chessy 
(Hofmann's  Report  by  the  Juries,  1862,  p.  12) ;  and  it  appears  to 
have  been  used  at  most  of  the  French  works  where  the  acid  is 
purified  at  all.  In  this  case  barium  sulphate  and  sulphuretted 
hydrogen  are  formed,  the  latter  being  in  the  nascent  state  and 
therefore  acting  very  energetically ;  this  process  has,  moreover, 
the  great  advantage  of  leaving  nothing  soluble  behind  in  the  acid. 
It  has  been  objected  that  the  barium  sulphide  must  be  pure  and 
must  contain  no  thiosulphate,  since  otherwise  the  well-known 
decomposition  between  H^S  and  SO^  with  separation  of  sulphur 
takes  place;  this,  however,  is  unfounded,  because  the  barium  thio- 
sulphate likewise  precipitates  the  arsenic  in  the  state  of  sulphide 
(see  below),  and  only  an  excess  of  it  (which  ought  to  be  avoided 
in  any  case)  would  occasion  the  above-mentioned  reaction.  Barium 
sulphide,  according  to  H.  F.  Stahl,  is  most  conveniently  applied 
as  follows :— The  acid  is  diluted  to  76°  or  82°  Tw.,  heated  to  80°  C, 
and  a  solution  of  barium  sulphide  of  12°  Tw.  is  run  in  at  the 
bottom  of  the  vessel  in  such  a  manner  that  no  H^S  escapes.  The 
As^Sg  is  filtered  off  on  a  sand-bed,  placed  on  a  layer  of  quartz 
lumps,  and  thus  the  arsenic  is  reduced  to  0*01  per  cent.  As.  But 
as  the  acid^  on  standing  in  the  filter,  again  takes  up  a  little  arsenic. 
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it  is  treated  with  gaseous  H^S^  and  is  thus  reduced  to  0*005  per 
cent.  Ar^  which  cannot  be  attained  either  with  BaS  alone  or  with 
H,S,  but  only  by  the  successive  application  of  each, 

{b)  Sulphide  of  iron  may  be  employed  in  cases  where  the  iron 
does  no  barm — ^for  instance^  for  acid  required  in  the  tinning  and 
galvanizing  (zinking)  of  iron  &c.  Its  applicatiouji  however,  is  very 
limited. 

(c)  Sulphide  of  sodium  is  capable  of  much  wider  application, 
although  it,  too,  introduces  a  foreign  substance  (sodium  sulphate) 
into  the  acid ;  this,  however,  is  innocuous  for  most  uses  of  the 
acid.  It  can  easily  be  made  by  reducing  sodium  sulphate  with 
coal;  and  it  must  be  added  to  the  acid  to  be  purified  until  no 
further  precipitation  takes  place.  The  filtration  of  the  precipitate 
will  be  described  later  on. 

{d)  Crude  calcium  sulphide  (alkali-waste)  can  be  used  exactly 
in  the  same  way  as  sodium  sulphide,  and  with  the  same  drawback 
of  introducing  some  fixed  impurities,  since  part  of  the  CaS04 
remains  in  solution. 

(e)  Thomson  (G.  P.  6215,  1884)  employs  ammonium  sulphide 
for  precipitating  arsenic  and  antimony,  and  at  the  same  time 
destroying  the  nitrous  compounds  in  chamber-acid.  He  then 
filters  over  finely  divided  lead,  and  concentrates  in  the  usual 
manner. 

(/)  Sodium  and  barium  thiosulphates  are  very  much  recom- 
mended ;  the  latter  is  more  expensive,  but  leaves  nothing  soluble 
in  the  acid.     The  following  is  the  reaction  which  occurs  : — 

AsjOg + SSaOaNaj = As^Sj + 8S04Na,. 

According  to  W.  Thorn  (Dingl.  Joum.  ccxvii.  p.  495),  the 
sodium  thiosulphate  is  actually  used  in  some  works.  Chamber-acid 
of  106°  Tw.  is  heated  to  70*^-80°  C,  and  the  required  quantity  of 
the  reagent,  either  in  solution  or  as  powder,  is  well  stirred  up  with 
it.  The  arsenic  sulphide  is  separated  in  flakes,  which  soon  gather 
into  lumps  and  sink  down  to  the  bottom  of  the  tank ;  the  clear 
acid  is  drawn  ofi^;  and  fresh  quantities  are  purified  in  the  same 
tank,  until  at  last  there  is  too  much  precipitate  collected  at 
the  bottom,  when  it  is  removed  and  washed.  The  operation  is 
very  simple;  and  if  an  excess  of  the  reagent  is  avoided,  very 
little  sulphur  dioxide  is  evolved.     In  a  particular  instance,  the 
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average  percentage  of  arsenic  in  chamber-acid  of  106°  Tw.,  before 
purification,  amounted  to  0*098  per  cent.,  afterwards  to  0*004  per 
cent.  The  purified  acid  contains  from  0*03  to  0*04  per  cent, 
sodium  sulphate,  which  is  harmless  for  most  purposes. 

In  some  cases  the  presence  of  sodium  sulphate  in  the  acid  is 
objected  to,  especially  when  the  strongest  acid  is  to  be  obtained. 
It  is  therefore  preferable  to  employ  barium  thiosulphate,  which 
is  easily  obtained  by  mixing  moderately  concentrated  solutions  of 
sodium  thiosulphate  and  barium  chloride ;  most  of  the  barium 
thiosulphate  is  precipitated  in  a  crystalline  form  and  is  separated 
from  •  the  worthless  mother-liquor  on  a  vacuum-filter.  The 
acid  to  be  purified  is  heated  to  about  80°  C,  and  is  well  agitated 
(which  can  be  most  readily  done  by  a  stream  of  air),  the  requisite 
quantity  of  barium  thiosulphate  is  thrown  in,  and  the  tempera- 
ture is  kept  at  80°  to  100°  till  all  the  arsenic  is  precipitated.  The 
reaction  is : — 

AsjOa  +  SBaSsOg = AoSg  +  SBaSO^, 

so  that  nothing  soluble  is  left  in  the  liquid.  The  mixed  mud  of 
arsenious  sulphide  and  barium  sulphate  settles  down  very  rapidly ; 
it  is  separated  from  the  acid  by  decantation  or  filtration  and 
washed  in  order  to  remove  most  of  the  acid.  Where  the  barium 
sulphate  is  of  some  value,  it  is  easily  recovered  by  boiling  the  mud 
with  milk  of  lime,  when  the  arsenic  is  dissolved,  and  can  be  rc- 
precipitated  from  the  solution  for  sale  as  ^'  yellow  arsenical  glass," 
whilst  the  residue  of  barium  sulphate  can  be  submitted  to  the 
usual  treatment  for  the  manufacture  of  barium  chloride.  This 
process  is  actually  carried  out  on  a  considerable  scale,  but  it  is 
not  quite  so  cheap  as  the  treatment  with  sulphuretted  hydrogen, 
and  does  not  seem  adapted  to  acids  containing  a  large  quantity 
of  arsenic. 

(g)  Precipitation  by  gaseous  hydrogen  sulphide. — This  process 
appears  first  in  a  patent  by  W.  Hunt  (No.  1919,  of  1853)  and  is 
that  which  is  most  usually  employed  on  a  large  scale. 

The  older,  now  obsolete,  processes  used  at  Oker  and  Freiberg 
are  described  and  illustrated  in  our  first  edition,  pp.  469  to  473  : 
comp.  also  Knocke,  Dingl.  Journ.  cliv.  p.  185;  Wagner's  Jahresb. 
1859,  p.  145.  We  will  here  give  only  the  results  of  Schnedermann's 
analyses  of  the  acid  before  and  after  purification  : — 
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(a)  Impure  acid  contained  in  10,000  parts — 

Specific  gravity.  Arsenious  acid.  Lead  sulphate. 

1-832  11-86  3-74 

1-837  13-19  2-85 

1-836  14-21  5-21 

08)  After  purification,  in  10,000  parts — 

SOs 7749-10 

HgO 2243-54 

PbS04  (with  traces  of  CuSO^)  ...         1-72 

Na2S04and  K2SO4 1-35 

CaS04 0-58 

FeS04 2-91 

AS2O3  0-31 

HjOg    0-49 

The  acid  was  perfectly  free  from  nitrogen  compounds.  Sub- 
sequently, according  to  Kerl,  acid  has  been  obtained  containing 
no  more  than  3*15  AS2O3  and  SbsOa  together  and  11*28  PbS04  in 
100,000  parts. 

According  to  official  information  obtained  by  me  from  the 
Freiberg  Mining  Office,  the  original  percentage  of  arsenic  in  the 
ores  burnt  there  averages  2  to  2-5  per  cent.  As.  97  per  cent,  of  this 
arsenic  is  condensed  as  flue-dust,  and  about  3  per  cent,  gets  into 
the  charaber-acid,  which  before  purification  usually  contains  0-02, 
exceptionally  up  to  0*08  per  cent.  As  (1902).  It  is  employed  in 
this  state  in  the  Gay-Lussac  tower  or  for  the  manufacture  of 
superphosphate.  All  other  acid  is  purified,  as  described  below, 
and  then  contains  only  0-0002  per  cent.  AS2O3. 

The  precipitating-process  used  at  the  Freiberg  and  many  other 
works  is  described  at  great  length  by  Bode  (Dingl.  Journ.  ccxiii. 
p.  25 ;  Wagner^s  Jahresb.  1874,  p.  259) ;  the  following  is  an 
abstract  of  this,  together  with  some  notes  I  have  recently  obtained 
from  Freiberg  and  taken  from  actual  practice  in  other  places  *. 

*  According  to  oiEcial  information  obtained  by  me  the  apparatus  and 
proceasea  described  in  the  text  were  still  at  work  in  1890,  and  they  would 
appear  to  have  aldo  been  in  use  in  1902 ;  hut  a  different  process,  hitherto  kept 
secret,  is  followed  at  Aussig. 
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1.  Generation  of  sulphuretted  hydrogen, — For  this  purpose 
a  matte  is  smelted^  consisting  principally  of  ferrous  sulphide,  FeS, 
in  ivhich  at  the  same  time  the  silver  contained  in  the  crude  ore  is 
concentrated  to  the-amount  of  one  third  of  the  original  weight. 
The  work  was  formerly  done  in  a  blast-furnace  (comp.  our  second 
edition,  p.  643).  Now  (1902)  the  ferrous  sulphide  is  made  in 
a  reverberatory  furnace,  where  per  24  hours  tiiree  or  four  batches 
of  the  following  composition  are  charged  :  28  cwt.  pyrites  (lumps), 
8  cwt.  old  lead  slags  containing  30  per  cent,  silica,  and  3  cwt. 
limestone.  The  consumption  of  coal  is  about  4  tons  (of  good 
quality),  the  yield  of  matte  (essentially  FeS)  is  on  an  average 
2^  tons  per  day. 

The  matte  is  broken  up  into  pieces  about  the  size  of  a  fist, 
and  put  into  the  sulphuretted-hydrogen  generators ;  these  receive 
4  to  5  tons  at  a  time,  which  last  8  to  10  weeks.  Then  weak  sulphuric 
acid  of  55°  to  77°  Tw.  is  added,  such  as  is  obtained  in  washing 
the  arsenic  sulphide  ;  later  on,  the  acid  may  go  down  to  32°  Tw. 
Each  apparatus  daily  receives  5  cwt.  acid  of  32°  Tw.  From  5  tons 
of  matte  7\  tons  of  crystallized  sulphate  of  iron  are  obtained, 
the  manufacture  of  which  from  the  weak  lyes  takes  place  in  the 
usual  manner.  The  generators  are  represented  in  figs.  322  to  329 
(pp.  794-795).  They  are  wooden  tanks  A  and  B,  made  of  SJ-inch 
planks  lined  with  lead  and  connected  by  a  lead  tube  a.  The  tank 
A  (5  feet  6|  inches  square  and  5  feet  2  inches  deep)  is  charged  with 
matte  after  lifting  off  the  cover,  or  through  the  manhole  b ;  an 
india-rubber  washer  is  then  put  in,  and  the  cover  is  tightened  by 
thirty  screw-bolts.  The  acid  is  run  in  through  a  pipe  in  the  cover. 
B  also  has  a  cover,  but  without  an  india-rubber  joint,  as  it  has 
only  to  receive  the  solution  of  ferrous  sulphate  forced  over  by  the 
pressure  of  the  gas  in  the  washing-apparatus  (figs.  328  &  329) 
and  the  regulating-valves,  just  as  is  the  case  with  the  ordinary 
laboratory  apparatus.  The  tank  A  is  very  strongly  bound  with 
iron,  which  is  leaded  all  over.  Steam-pipes,  e,  prevent  the  ferrous 
sulphate  from  crystallizing ;  /  serves  for  running  the  liquor  oflF. 
On  the  bottom  of  A  radially-placed  fire-bricks  form  a  grate 
(fig.  324),  upon  which  a  lead  sieve  g  (fig.  323)  is  laid ;  and  the 
matte  lies  upon  the  latter.  The  lateral  manholes  h  permit  raking 
out  the  residue  containing  silver.  For  each  5  tons  of  charaber- 
acid  on  an  average  1^  cwt.  of  uiatte  is  consumed. 

2.  Precipitation  of  the  arsenic, — The  chamber-acid  of  106°  Tw.  is 
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treated  with  H^S  without  dilution  or  heating.  The  apparatus  easily 
purifies  15  tons  of  acid  daily  by  a  single  treatmeut.  It  is  repre- 
sented in  figs.  330  to  336  (p.  797) .  It  consists  of  a  square  tower  of 
5  feet  4  inches  X  5  feet  6}  inches  section^  and  16  feet  3  inches 
available  height^  which  is  constructed  in  the  well-known  manner 
with  a  wooden  framework  and  lead  sides  of  10  lb.  to  the  square 
foot.  The  sulphuretted  hydrogen  enters  at  the  bottom ;  the  air 
carried  along  with  it  and  the  steam  escape  at  the  top.  The  tower 
is  filled  with  24  tiers  of  A-shaped  inverted  lead  gutters^  5^  inches 
high  and  as  wide  at  the  base^  made  of  10-lb.  lead ;  the  lower 
edges  of  the  gutters  have  indentations  of  a  tolerably  small  pattern 
(fig.  336).  Owing  to  this,  the  acid  cannot  run  down  in  jets,  but 
only  in  single  drops,  which,  in  falling  upon  the  next  lower  gutter, 
squirt  about  and  present  a  large  surface  to  the  gas.  In  each  tier 
there  are  nine  gutters,  so  arranged  that  the  passage  between  each 
two  of  them  corresponds  to  the  upper  edge  of  the  gutter  in  the 
next  lower  tier.  They  are  3  feet  3  inches  long,  and  laid  loosely  on 
leaded  ledges  on  each  side,  with  1  inch  hold  on  the  latter;  their 
vertical  distance  is  7  inches  ;  the  distance  between  the  tiers,  there* 
fore,  1^  inch.  The  acid  runs  in  at  the  cover  /  through  nine 
lead  pipes  with  funnels  and  regulating-cocks  just  over  each  of  the 
lead  gutters ;  there  is  a  hydraulic  lute  and  an  oscillating  bucket, 
the  details  of  which  are  shown  in  figs.  335  &  336.  The  lead 
gutters  should  not  be  burnt  fast  in  the  tower,  as  lumps  of  arsenic 
sulphide  occasionally  get  jammed  between  them.  These  can  some- 
times be  melted  and  removed  by  letting  in  steam. 

The  strength  of  106^  Tw.,  as  indicated  by  Bode,  is  rather  too 
high  for  speedy  and  complete  dearsenication ;  it  is  preferable  to 
take  the  acid  only  100°  Tw.  strong.  The  process  is  hastened  by 
employing  a  slight  pressure  in  the  precipitating-tower.  This  is 
easily  done  by  not  allowing  the  gas  to  escape  from  the  top  of  the 
tower  directly  into  a  chimney,  but  passing  it  through  a  few  inches 
of  water,  or,  preferably^  milk  of  lime,  which  retains  any  H^S  not 
absorbed  in  the  tower. 

Of  course  constant  tests  must  be  made  to  ensure  complete 
purification  in  this  tower.  For  ordinary  purposes  it  is  sufficient  to 
employ  a  simplified  Marsh  test  as  follows : — Put  some  of  the  acid 
into  a  four-ounce  bottle,  closed  with  a  cork,  provided  with  an 
outlet-pipe  drawn  out  to  a  point.  A  piece  of  pure  zinc  is  dropped 
in,  the  cork  is  inserted,  the  gas  issuing  is  lighted  (with  the  ordinary 
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Fig.  322. 
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precaations  against  an  explosion  bj  premature  lighting  if  the  gas 
contains  air)  and  the  flame  is  directed  on  a  slab  of  porcelain, 
where  no  spot  of  As  should  be  produced.  For  more  accurate  ob- 
servations the  methods  mentioned  9upra  p.  248  and  those  to  be 
noticed  in  the  Appendix  should  be  employed.  If  a  batch  of 
acid  is  not  found  free  from  arsenic  by  the  above  test,  it  must  be 
pumped  up  and  treated  once  more.  This  test  should  be  repeated 
by  the  laboratory  chemist  before  passing  a  batch  as  purified,  and 
in  cases  of  any  importance  the  acid  should  be  tested  a  third  time 
before  being  sent  out.  The  above  simple  Marsh  test,  or  the 
ordinary  Marsh-Berzelius  test  (heating  the  gas  in  a  tube,  where 
metallic  arsenic  is  deposited),  does  not  detect  the  minutest  traces 
of  arsenic;  but  it  may  be  taken  that  any  acid  in  which  these 
tests  do  not  indicate  any  arsenic  is  ''practically^'  free  from 
arsenic  and  can  be  used  for  all  purposes,  like  acid  made  from 
brimstone  *. 

3.  The  filtering  and  washing  of  the  arsenic  sulphide  is  a  some- 
what troublesome  operation.  At  Freiberg,  for  this  purpose  a 
vacuum-filter  is  used,  which  is  shown  in  figs.  337  to  339  (p.  798) . 
A  is  the  vacuum-retort,  B  the  filtering-  and  washing- vessel.  The 
former  is  a  small,  second-hand  steam-boiler  of  1  foot  10  inches 
diameter  and  5  feet  7  inches  length.  Steam  is  conveyed  into  it 
through  a  from  a  boiler  ;  through  b  the  air  goes  away  along  with 
the  condensed  water ;  and  the  cock  there  is  only  shut  when  steam 
has  passed  through  for  several  minutes.  Then  b,  and  afterwards  a, 
are  shut,  and  the  boiler  is  allowed  to  cool  for  some  time  in  order 
to  condense  the  steam.  Then  the  cock  c  is  opened,  which 
connects  the  vacuum-retort  and  the  space  below  the  filtering-layer 
in  the  box  B,  This  box  has  already  been  filled  with  the  acid  to  be 
filtered,  whose  level  is  always  kept  at  the  same  height,  lest  any 
cracks  be  formed  in  the  exposed  layer  of  arsenic  sulphide,  through 
which  air  would  enter  and  destroy  the  vacuum.  By  several  times 
shutting  Cy  opening  a  and  &,  driving  out  the  air  by  steam,  and 

*  This  is  universally  done^  even  for  the  purpose  of  manufacturing  articles  of 
human  consumption,  in  France,  Germany,  and  most  other  countries,  where  no 
hrimstone  whatever  has  heen  used  in  the  manufacture  of  sulphuric  acid  for 
many  years  past  No  inconvenience  seems  ever  to  have  been  caused  by  this 
practice  in  these  countries ;  but  since  the  "  beer-scare  ^  of  1900  many  people  in 
England  demand  that  no  acid  should  be  allowed  to  be  used  in  the  manufacture 
of  articles  of  food  &c.  except  that  made  from  brimetone. 
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cooling  down  the  boiler  A,  a  vacuum  of  from  10  to  12^  lb.  may 
be  obtained.     [Probably  leas  steam  and  labour  would  be  expended 


Fig.  335.  Fig-  336- 

if  an  air-pump  were  used.]     The  same  vacuum-retort  [or  air-pump] 
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may  work  several  filters,  which  can  be  filled^  washed,  &c.  at  will, 
since  the  cock  c  permits  isolating  every  one  of  them. 

The  filters  B  are  made  of  3-inch  planks,  strengthened  at  the 
bottom  at  e,  fig.  339,  lined  with  lead,  4  feet  4  inches  x  5  feet 

FiK.  337. 


ilBI 


7  inches  section  and  1  foot  10  inches  high.  A  double  pavement 
of  acid-proof  fire-bricks  leaves  a  gutter,  communicating  with  the 
burnt-on  pipe  /.  This  ends  in  an  intermeiUate  vessel  C,  whose 
cover  is  provided  willi  connecting-tubes  for  tlie  pressure-gauge  o. 
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and  the  vacuum-retort  A,  at  c ;  mn  takes  the  acid  to  the  receiving- 
tank  D  ;  but  the  pipe  mn  must  be  longer  than  the  height  of  a 
column  of  water  forced  up  by  the  atmospheric  pressure^  lest  the 
acid  should  run  over  into  c.  Over  the  fire-bricks  in  B  is  placed  a 
layer  n  of  broken-up  quartz  (fig.  339) — pieces  the  size  of  a  walnut 
at  the  bottom^  and  of  finer  grain  higher  up ;  over  this  there  is  a 
finely  perforated  sheet  of  lead^  and  on  the  top  a  layer  of  powdered 
arsenic  sulphide  ;  the  whole  filtering-stratum  rises  11^  inches  above 
the  bottom  of  the  vessel.  Where  the  acid  runs  in^  a  piece  of  lead 
is  placed  so  as  to  keep  the  top  layer  from  being  damaged.  Every 
two  or  three  weeks  the  layers  n  and  m  and  the  perforated  lead 
plate  must  be  taken  out^  and  the  quartz  pieces  as  well  as  the 
arsenic  sulphide  must  be  rinsed  in  water.  The  whole  plant  requires 
several  pressure-apparatus  (acid-eggs)  and  a  good  air-pump. 

At  Oker  the  work  is  done  very  much  as  at  Freiberg  (Brauning, 
Preuss.  Zeitsch.  &c.  1877^  p.  142) ;  but  at  the  former  place  only 
that  portion  of  the  acid  is  purified  which  is  not  sold  to  large 
consumersi  especially  for  superphosphate-making.  It  is  there 
thought  best  to  dilute  the  acid  to  97^-100°  Tw.  (comp.  p.  793) 
and  to  assist  the  generation  of  sulphuretted  hydrogen  by  injecting 
steam  at  the  beginning. 

An  English  patent  of  M'Kechnie  and  Gentles  (No.  3229,  25th 
August^  1877)  contains  essentially  the  same  ])roces8  as  is  practised 
at  Freiberg  and  Oker. 

Mr.  G.  E.  Davis  informs  me  (1902)  that  at  his  works  the  fol- 
lowing process  is  used  for  dealing  with  the  arsenious  sulphide 
obtained  in  purifying  O.V.  The  mud  is  warmed  up  to  the 
melting-point  of  naphthalene^  parafifin^  &c.^  and  a  little  of  these 
substances  is  added  and  the  mixture  well  stirred.  Afterwards  the 
naphthalene  may  be  distilled  ofiT  by  steam ;  if  paraflSn  is  used,  this 
may  be  separated  by  treatment  with  ammonium  sulphide^  or  in 
various  other  ways. 

Riley  and  Barnes  (B.  P.  25,441,  1901)  recover  arsenious  acid 
from  the  arsenious  sulphide  by  heating  it  to  about  160°  C.  with 
nearly  its  own  weight  of  strong  sulphuric  acid  for  some  hours. 
The  floating  scum  of  sulphur  is  removed  and  washed,  and  the  acid 
liquor  is  concentrated  to  obtain  crystallized  arsenious  acid. 

Falding  (Min.  Ind.  viii.  p.  583)  describes  the  American  practice, 
where  lead-lined  boxes  are  placed  in  front  of  a  Freiberg  tower,  as 
shown  in  figs.  330  to  336  (p.  797) .  The  HaS  gas  is  forced  through 
the  add  in  these  boxes  by  means  of  a  perforated  pipe  on  the  bottom 
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and  only  enough  acid  is  run  down  the  tower  to  prevent  the  escape 
of  any  of  the  gas.  The  pipes  are  connected  in  such  a  manner  with 
the  boxes  that  the  gas  can  be  made  to  pass  through  any  one  of  the 
boxes  firsts  and  that  any  box  can  be  disconnected  from  the  series. 
The  box  so  cut  out  is  allowed  to  rest  for  a  day  or  two^  and  the 
AssSg  is  settled  out  so  completely  that  f  or  more  of  the  super- 
natant acid  can  be  decanted  without  any  further  treatment.  The 
remaining  sludge  of  As^Ss  and  acid  is  filtered  through  broken 
quartz  of  graduated  sizes  in  leaden  boxes.  [This  plan  requires 
pumping  H2S  against  pressure^  instead  of  pumping  the  acid;  the 
former  is  probably  more  expensive  than  the  latter.  But  the 
collecting  and  filtering  of  the  As^Sg  is  undoubtedly  less  trouble- 
some than  in  the  Freiberg  tower.] 

Leroy  W.  McCay  (Chem.  Ind.  1889,  p.  371)  proposes  facili- 
tating the  precipitation  of  arsenic  by  H2S,  by  conducting  the 
operation  at  100^  under  pressure  and  with  agitation.  [Such 
a  process,  excellent  as  it  may  be  for  the  laboratory,  is  far  too 
troublesome  and  costly  for  a  manufacturing  scale.] 

Kupfferschlager  (Bull.  Soc.  Chim.  xliv.  p.  353)  dilutes  the  acid 
with  its  own  volume  of  water,  treats  with  SO2  in  order  to  reduce 
any  arsenic  or  nitric  acid  to  arsenious  or  nitrous  acid,  and  then 
passes  H2S  through,  which  causes  all  As,  Pb,  and  Se  to  be  pre- 
cipitated. This  proposal  he  repeats,  without  any  change  whatever, 
in  Monit.  Scient.  1889,  p.  1434. 

The  evolution  of  sulphuretted  hydrogen,  where  no  such  matte 
(FeS)  as  made  at  Freiberg  is  obtainable,  can  be  produced  cheaply 
with  soda-waste,  where  an  alkali- works  is  near.  Hartmann  (G.  P. 
9275)  produces  this  gas  by  passing  pyrites-kiln  gas  through  a 
cupola-furnace  filled  with  red-hot  coke.  When  the  temperature 
has  fallen,  the  current  of  SOs  is  interrupted  and  air  is  blown  into 
the  coke  till  the  heat  rises  again.  Or  else  the  impure  SO2  is  mixed 
\iith  the  vapours  of  hydrocarbons  and  passed  through  a  red-hot 
retort. 

At  an  American  works  I  found  H2S  prepared  for  the  above 
object  from  dilute  sulphuric  acid  and  sodium  sulphide  manu- 
factured for  this  purpose. 

Whitehead  and  Gelstharpe  (Engl.  pat.  18,940, 1894)  obtain  H3S 
for  this  purpose  by  treating  liquid  from  partially  oxidized  vat- waste 
with  HCl.  The  mixture  thus  evolved,  containing  HjS,  SOj  [!], 
and  atmospheric  air,  is  said  to  act  better  than  pure  air.     [This 
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process  is  not  patentable.  The  employment  of  vat- waste  for  this 
purpose  has  been  expressly  mentioned  in  this  connexion  in  my 
Treatise  which  appeared  in  1891  (comp.  p.  800) ;  nor  is  the  partial 
oxidation  patentable^  since  vat-waste^  such  as  would  be  available^ 
always  has  been^  and  always  will  be,  partially  oxidized ;  nor  is  it 
essential  whether  the  waste  itself^  or  the  yellow  liquor  draining  from 
it,  is  employed.  The  assertion  that  SO2  occurs  in  these  gases  at 
the  same  time  as  H2S  is  of  course  wrong,  since  it  is  not  the 
question  of  mere  traces.  The  apparatus  described  by  the  inventors 
presents  no  specially  remarkable  features.] 

A  very  curious  observation  has  been  made  by  a  chemist  whose 
trustworthiness  I  can  in  no  way  doubt,  although  I  have  never  heard 
of  the  subject  elsewhere.  If  the  treatment  with  gaseous  hydrogen 
sulphide  is  continued  to  the  point  that  the  last  trace  of  arsenic  is 
precipitated  [in  which  case  much  free  H2S  must  be  present],  the 
acid  cannot  be  boiled  down  in  lead  pans  without  risk  of  destroying 
them.  Sometimes,  not  always,  this  takes  place  when  the  concentra- 
tion reaches  spec.  grav.  1*63.  First  a  white  crust  is  formed  at  the 
line  where  the  acid  and  the  air  meet ;  this  eats  further  down  and 
suddenly  the  pan  falls  to  powder.  If  after  noticing  the  first  signs 
the  pan  is  emptied,  washed  out,  and  used  as  a  *^  weak ''  pan,  this 
will  do ;  but  when  used  as  a  "  strong  pan ''  the  destruction  goes  on 
«ven  with  ordinary  acid.  [This  behaviour  reminds  one  of  the 
sudden  conversion  of  metallic  tin  into  a  grey  powder  which  is 
sometimes  observed.  Where  Kessler  ovens  are  employed  for 
concentrating  the  dearsenicated  acid,  comp.  Chapter  IX.,  the 
above  inconvenience  will  not  be  felt.] 

The  cost  of  treating  a  ton  of  acid  for  the  removal  of  arsenic  may 
be  taken  at  about  08.  if  the  ferrous  sulphide  &c.  has  to  be  bought 
and  the  by-products  are  not  utilized.  It  may  be  considerably  re- 
duced by  making  ferrous  sulphide  as  above  described,  or  employing 
some  other  cheap  source  of  H2S,  and  by  utilizing  the  ferrous 
sulphate  formed  in  the  process  -,  and  if  the  arsenious  sulphide  can 
be  sold  to  advantage,  there  may  be  even  a  slight  profit  in  the 
purifying  operation. 

Notoriously  much  of  the  acid  sold  in  England  as  ^^  brimstone 
acid^^  is  not  made  from  brimstone,  but  from  spent  gas-oxide  or 
from  pyrites,  and  is  merely  dearsenicated  in  the  latter  case  by  sul- 
phuretted hydrogen  as  described  above.  Of  course  this  treatment 
also  removes  all  nitrogen  compounds,  lead,  selenium,  copper,  &c., 
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80  that  this  acid^  if  properly  purified^  is  really  purer  than  real  brim- 
stone  acid^  except^  of  course,  as  regards  iron.  The  acid  coloured 
brown  by  the  previous  processes  (especially  where  the  Gay-Lussae 
tower  has  been  packed  with  somewhat  soft  coke)  is  rendered  much 
lighter  in  colour  by  the  precipitation  of  the  arsenious  sulphide. 

For  electrical  storage-batteries  sulphuric  acid  should  be  as  free 
from  arsenic  as  possible.  Arsonval  endeavours  to  attain  this  by 
pouring  4  or  5  c.c.  of  colza  oil  on  to  a  litre  of  sulphuric  acid,  which 
is  to  form  glycerine-sulphuric  acid,  and  to  precipitate  the  arsenic, 
lead,  &c.  in  the  form  of  soaps  [?].  Gothard  prescribes  the  same 
addition;  the  mixture  is  to  be  shaken  up,  allowed  to  stand  for 
12  hours,  poured  into  water,  and,  after  cooling,  the  sticky  mud 
must  be  skimmed  off  the  purified  acid  (Chem.  Zeit.  1892, 
p.  168). 

Purification  of  the  Sulphuric  Acid  from  Nitrogen 

Compounds. 

Already,  when  treating  of  the  purification  of  sulphuric  acid  from 
arsenic,  it  has  been  stated  that  mostly  by  the  same  operation  the 
nitrogen  compounds  are  removed,  and  this  is  always  the  case  when 
sulphuretted  hydrogen  is  employed  for  that  purpose.  In  most  works, 
however,  no  such  purification  from  arsenic  takes  place ;  and  for 
most  uses  of  the  vitriol  the  small  proportion  of  nitrogen  compounds 
which  it  contains  is  so  unimportant  that  their  removal  is  not 
called  for.  In  all  cases,  however,  where  sulphuric  acid  has  to  be 
concentrated  in  platinum  apparatus  it  must  be  purified  as  much  as 
possible  from  nitrogen  acids,  as  otherwise  the  platinum,  as  will  sub- 
sequently be  described,  would  be  much  more  strongly  acted  upon. 

1.  Purification  by  sulphur  dioxide. — Payen  has  proposed  a  con. 
trivance  for  this  object.  This  is  a  cover  over  the  first  boiling-down 
pan,  provided  with  partitions  which  force  the  gas  to  travel  twice 
backwards  and  forwards,  and  below  which  the  sulphurous  kiln-gas 
circulates.  Some  manufacturers,  instead  of  this,  use  pans  arched 
over.  This  apparatus,  however,  fulfils  its  purpose  very  ineffi- 
ciently, because  the  contact  between  the  acid  and  the  sulphur 
dioxide  is  very  incomplete.  The  latter  object  can  be  attained 
perfectly  in  all  works  where  a  Glover  tower  is  employed ;  in  this 
the  acid  can  be  fully  denitrated  and,  moreover,  a  small  quantity  of 
sulphur  dioxide  can  be  dissolved,  in  which  case,  as  Scheurer-Kestner 
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has  shown  (see  Chapt.  IX.),  it  acts  least  upon  platinum ;  but^  un- 
fortunately^ the  Glover-tower  acid,  owing  to  its  large  percentage 
of  iron,  cannot  well  be  used  for  concentration  in  platinum  stills. 

At  some  works  they  arrange  a  small  preliminary  chamber  (tam- 
bour) in  which  there  are  bottom  partitions  open  at  opposite  ends, 
80  that  the  acid  entering  from  the  next  (large)  chamber  has  to 
travel  a  circuitous  route  long  before  it  arrives  at  the  place  where 
it  is  drawn  off  for  use.  This  is  done  with  the  object  of  completely 
taking  the  nitre  out  of  the  chamber-acid  and  making  it  sulphurous^ 
the  fresh  burner-gas  acting  upon  this  acid  with  full  force.  Such 
acid  is  then  employed  for  concentration  in  platinum  stills.  The 
object  of  completely  removing  the  nitre  (and  together  with  it  the 
selenium)  is  still  better  attained  by  blowing  kiln-gases  by  means 
of  an  injector  right  through  the  acid  in  a  finely  divided  stream, 
and  allowing  the  deposit  to  settle  down  by  running  the  acid  in 
circaitous  channels. 

2.  Treatment  with  brimstone  has  been  proposed  by  Barruel. 
It  is  used  in  the  shape  of  flowers  of  sulphur,  which  sometimes, 
according  to  Schwarzenberg,  is  put  into  boxes  of  stoneware  placed 
in  the  first  pan,  in  which  the  temperature  does  not  rise  to  the 
melting-point  of  sulphur,  and  in  which  the  acid  contains  most 
water.  Special  care  must  be  taken  that  no  sulphur  gets  into  the 
following  pans^  because  strong  hot  sulphuric  acid  is  decomposed  by 
sulphur  with  the  formation  of  S02^  and  for  each  part  of  S  6^  parts 
of  SO4H2  are  lost.  According  to  Bode  (*  Gloverthurm,^  p.  3)  this 
process  is  not  efiScient ;  so  long  as  the  brimstone  is  still  in  the 
state  of  powder  its  action  is  very  slight,  although  the  lead  is 
already  being  acted  upon  by  the  nitrogen  acids.  Later  on,  with 
the  rise  of  temperature,  the  brimstone  melts  and  rises  in  small 
drops  to  the  surface  of  the  hot  acid,  whence  it  mostly  escapes  into 
the  air  as  SO2. 

3.  Treatment  with  organic  substances. — Oxalic  acid  has  been 
proposed  by  Lowe.  Sugar  has  been  suggested  by  Wackenroder. 
Skey  recommends  agitation  with  charcoal,  but  only  for  dilute  acid 
(Chem.  News,  xiv.  p.  217).  Olivier  uses  a  little  alcohol  in  the 
lead  pans  ('Rapports  du  Jury  international,'  1867,  vii.  p.  35). 

4.  Ammonium  sulphate  has  been  proposed  for  this  object  by 
Pelouze  (Ann.  Chim.  Phys.  Ixvii.  p.  52),  and  has  been  proved  to 
be  the  best  of  all  reagents.  By  this  the  nitrogen  acids  can  be  so 
completely  removed  that  the  vitriol  is  tinted  red  by  the  first  drop 

3p2 
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of  a  solution  of  potassiam  permanganate.     In  this  case  nitrogen 
escapes^  according  to  the  following  equations  : — 

N203  +  2NH3=3H20+4N, 
2SO3NH  +  2NH3 = 2SO4H,  +  2H2O  +  4N, 
3NOH3  +  5NH3=9H20-|-8N. 

This  substance  is  now  universally  employed  for  acid  to  be  concen- 
trated in  platinum  stills.  Under  normal  conditions  O'l  to  0*5  lb. 
of  ammonium  sulphate  suflBces  for  purifying  100  lb.  of  vitriol. 

It  appears  as  if  the  addition  of  ammonia  was  sometimes  carried 
to  a  ridiculous  excess ;  for  Gintl  (Wagner's  Jahresb.  1880,  p.  259) 
found,  in  so-called  '^  chemically  pure  '^  sulphuric  acid,  5  per  cent. 

of  NH3. 

Pattinson  (J.  Soc.  Chem.  Ind.  1889,  p.  706)  recomends  the 
treatment  with  ammonium  sulphate  for  the  sulphuric  acid  em- 
ployed for  generating  carbonic  acid  in  the  manufacture  of  aerated 
beverages,  as  an  extremely  small  quantity  of  nitrous  acid  (0*026 
per  cent,  of  N2O3 )  causes  the  beverage  to  be  turbid,  and  destroys 
the  pungency  of  the  ginger  essence  &c. 

Lunge  and  Abenius  (Zsch.  f.  angew.  Chem.  1894,  p.  609)  show 
that  nitrous  acid  (i.  6.  nitrososulphuric  acid)  is  very  quickly  de- 
stroyed by  boiling  with  a  proportion  of  ammonium  sulphate  of 
1  NH3  to  1  acid  nitrogen ;  even  with  sulphuric  acid  of  140°  Tw. 
this  takes  place  in  five  minutes.  But  nitric  acid  is  far  more  stable ; 
it  requires  half  an  hour's  boiling  with  its  equivalent  of  ammonium 
sulphate,  in  the  case  of  the  strongest  sulphuric  acid,  for  its  destruc- 
tion, and  many  hours^  boiling  with  a  large  excess  of  ammonium 
sulphate  in  the  case  of  acid  of  140°  Tw.  Hence  any  contamina- 
tion with  nitric  acid  must  be  carefully  avoided  if  the  sulphuric  acid 
is  to  be  concentrated  in  platinum,  since  some  HNO3  will  get  into 
the  platinum  still  in  spite  of  all  precautions ;  but  nitrous  acid  is 
easily  removed  at  every  stage  by  ammonium  sulphate. 

Purification  of  Sulphuric  Acid  by  special  methods 

{by  electrolysis  ^c.) . 

According  to  Journ.  Franklin  Institute,  v.  p.  65,  lead,  iron,  and 
arsenic  can  be  removed  by  subjecting  the  sulphuric  acid  to 
electrolysis. 

Askenasy  (Germ.  pat.  86,977)  subjects  sulphuric  acid  for  some 
time  to  electrolysis  and  allows  the  products  to  act  upon  the  acid. 


COLOURED  ACID.  805 

Among  these  is  ozone^  which  destroys  organic  substances  and  hydro- 
chloric acid  (with  formation  of  chlorine) ;  finely  divided  sulphur^ 
wUch  reduces  the  nitrogen  compounds ;  and  hydrogen  sulphide^ 
which  acts  in  the  same  manner  and  also  in  precipitating  any 
metals  present.  The  latter  takes  place  only  with  concentrated  acid. 
The  electrolysis  is  carried  out  at  ordinary  or  slightly  elevated 
temperatures^  with  lead  electrodes  without  diaphragm^  and  with 
agitation  of  the  liquid^  beginning  this  after  the  current  has  acted 
quietly  for  some  time.  The  current-density  should  be  1  or  2  amps, 
per  square  decimetre  and  the  tension  6  volts.  After  a  few  hours  the 
acid  is  colourless ;  it  is  then  heated  up,  if  necessary,  in  order  to 
agglomerate  the  preciptate,  or  else  diluted  and  afterwards  filtered. 

Teed  (E.  P.  17,612,  1887)  proposes  to  remove  the  lead  from 
sulphuric  acid  by  means  of  hydrochloric  acid. 

Nicklte  removes  hydrofluoric  acid  from  sulphuric  acid  by  diluting 
this  with  twice  its  volume  of  water  and  heating  for  15  hours,  re- 
placing the  water  as  it  evaporates. 

Coloured  Acid. 

A  brown  colour  is  so  frequently  found  in  sulphuric  acid  up  to 
about  80  per  cent.,  that  the  designation  ^'  brown  oil  of  vitriol '' 
(B.O.V.)  has  become  universal  in  England  for  acid  of  about 
140°  Tw.  This  colour  is  destroyed  during  the  higher  concentra- 
tion of  the  acid,  and  also  by  the  treatment  with  sulphuretted 
hydrogen  (p.  790),  but  not  always  entirely. 

Norrenberg  (Chem.  Ind.  1890,  p.  363)  points  out  that  the  red 
colour  sometimes  found  in  commercial  sulphuric  acid  of  about 
140^  Tw.  may  be  formed  by  the  contact  of  that  acid,  when  con- 
taining a  slight  quantity  of  nitrous  acid,  with  iron  tanks.  The 
iron,  acting  upon  the  nitrous  acid,  generates  nitric  oxide,  which  is 
dissolved  in  the  ferrous  sulphate  formed — thereby  producing  the 
red  colour.  Oxidizing  agents  discharge  this  colour  by  converting 
the  ferrous  into  ferric  salt,  and  the  NO  into  N2O3.  Completely 
denitrated  acid  never  assumes  the  red  colour  when  kept  in  iron 
tanks,  nor  does  stronger  acid  ('^  rectified  oil  of  vitriol  *'),  which 
has  much  less  action  upon  the  iron.  The  same  colour  may  be 
produced  in  the  small  chambers  or  ^^  tambours  '^  sometimes 
placed  before  the  first  large  chamber ;  here  the  sulphuric  acid  is 
Btill  predominant,  and  iron  is  present  as  flue-dust,  so  that  the 
conditions  are  present  for  the  formation  of  a  solution  of  NO  in 
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FeS04.  The  main  chambers,  where  nitre  predominates,  never 
show  that  colour,  as  here  all  the  iron  must  be  present  as  ferric 
sulphate. 

In  many  cases  it  is  decidedly  selenium  in  the  free  state  which 
causes  the  red  colour.  This  will  occur  if  selenious  acid  is  redaced 
to  Se  by  SO^  in  the  Glover  tower  or  in  the  chambers.  The  most 
usual  proceeding  is  to  convert  the  Se  into  SeO^,  and  thus  to 
remove  the  colour  by  adding  a  little  nitric  acid,  which,  however, 
cannot  be  done  without  employing  an  excess  and  thus  introducing 
another  objectionable  substance.  Le  Boy  (Monit.  Scient.  1901, 
p.  406)  therefore  prefers  to  add  a  sulphuric-acid  solution  of 
potassium  or  sodium  permanganate,  of  which  at  most  10  grams 
is  necessary  for  a  ton  of  acid.  Any  pink  colour  remaining  is 
destroyed  by  oxalic  acid.  The  temperature  employed  is  50^ 
or  60°  C. 

A  very  deeply  coloured  kind  of  acid  is  the  add^tar  or  sludge- 
acid,  which  will  be  described  more  fully  in  Chapt.  IX.  It  is  the 
residue  &om  the  acid  treatment  of  mineral  oils. 

Wai'ing  and  Breckenridge  (U.S.  P.  643,578)  purify  this  acid- 
tar  by  mixing  with  it,  at  low  temperatures,  sodium  nitrate  in  just 
the  quantity  required  to  effect  the  purification. 

The  colour  of  waste  acid  from  nitrating  operations  (nitro- 
glycerine, gun-cotton,  nitro-benzene,  &;c.)  may  also  be  very  strong, 
but  this  acid  is  never  sent  into  trade.  It  is  usually  denitrated  at 
the  works  where  it  has  been  obtained,  where  the  colour  remaining 
in  the  recovered  sulphuric  acid  is  of  no  consequence. 

Production  of  chemically  pure  Sulphuric  Acid. 

Hayes  (Dingl.  Journ.  ex.  p.  104)  proposed  to  add  nitre  to  sul- 
phuric acid  of  152°  Tw.,  coming  from  the  lead  pans,  sufficient  for 
destroying  the  largest  portion  of  any  hydrochloric  acid  present, 
and  for  oxidizing  completely  the  sulphurous  and  arsenious  acids, 
then  to  destroy  the  nitrous  acid  &c.  again  by  adding  ^  per  cent,  of 
ammonium  sulphate — to  add  a  little  oxide  of  lead,  to  allow  it  to 
settle  in  leaden  vessels,  and  to  cool  the  clear  acid  siphoned  off  in 
shallow  lead  pans  down  to  —  18°  C.  In  this  case  the  hydrate 
SO4H8+H8O  crystallizes  out;  the  mother-liquor  containing  all 
impurities  is  decanted;  the  crystals  are  washed  with  pure  acid, 
and  then  form  square  prisms,  sometimes  an  inch  thick  and  1^  inch 
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long.  These  are  fused  in  clean  lead  vessels  and  used  as  they  are, 
or  further  concentrated  in  a  platinum  still.  This  process  was 
intended  to  save  the  distillation ;  it  has  not  been  successful^  how- 
ever ;  for  it  is  troublesome  and  yet  does  not  produce  a  really  pure 
acid.  Exactly  the  same  plan  has  been  proposed  by  Tjaden-Mod- 
dermann  (Zeitschr.  f.  analyt.  Ch.  1882,  p.  218;  Fischer's  Jahresb. 
1882,  p.  260). 

The  only  plan  for  making  perfectly  pure  sulphuric  acid  for 
pharmaceutical  and  analytical  purposes  is  still  fractional  distilla^ 
Hon,  connected  with  such  operations  as  previously  remove  the 
volatile  impurities  of  the  vitriol  or  convert  them  into  fixed 
compounds.  We  have  seen  (pp.  782  &  802)  how  the  arsenic  and 
the  nitrogen  compounds  can  be  removed.  We  may  destroy  the 
latter  first  by  ammonium  sulphate,  and  convert  the  arsenious 
acid  into  non-volatile  arsenic  acid,  or  else  add  a  little  common 
salt  and  reject  the  first  distillate,  which  contains  all  the  arsenic 
as  AsClj.  It  is  safer,  on  account  of  the  danger  of  spurting,  first 
to  remove  both  nitrogen  compounds  and  arsenic  by  means  of 
sulphuretted  hydrogen  ;  but  then  the  acid  must  be  much  diluted 
previously.  It  never  becomes  absolutely  free  from  arsenic  in  this 
way ;  it  is  therefore  preferable  to  employ  brimstone-acid  for 
retification. 

According  to  Nicklfes,  hydrofluoric  acid  can  be  removed  by 
diluting  it  with  twice  its  bulk  of  water  and  heating  it  for  15  hours 
(comp.  p.  805). 

The  fixed  substances,  such  as  iron,  lead^  copper,  &c.,  remain  in 
the  retort'  on  rectifying ;  and  in  order  to  avoid  contamination  with 
organic  substances,  the  receiver  is  changed  when  about  ^-^  part  of 
the  acid  has  come  over ;  the  distillation  is  interrupted  when  only 
\  to  ^Q  of  the  acid  is  left  behind.  The  portion  distilling  between 
these  two  limits  is  quite  pure. 

The  distillation  of  sulphuric  acid  in  glass  retorts  is  a  very  dis- 
agreeable and  even  dangerous  operation,  on  account  of  the  strong 
bumping  caused  by  the  sudden  development  of  large  bubbles  of 
vapour ;  this  is  especially  favoured  by  the  lead  sulphate  separating. 
In  such  cases  the  retort  is  sometimes  bodily  lifted  up,  and  of 
course  smashed  when  it  falls  back  upon  its  seat.  The  bumping 
must  therefore  be  avoided  as  much  as  possible,  for  which  purpose 
the  following  plans  have  been  proposed. 

Berzelius  prescribed  heating  the  retort  more  from  the  sides  than 
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from  beloTT,  by  placing  a  sufficiently  wide  sheet-iron  cylinder  upon 
the  grate  of  the  furnace,  so  that  the  bottom  of  the  retort  just  fits 
into  it ;  the  coals  in  the  furnace  then  only  heat  its  sides.  In  this 
case,  however,  the  iron  cylinder  may  act  as  a  cracking  ring ;  and 
A.  MuUer  (Polyt.  CentralbL  1860,  p.  1069)  therefore  employs  an 
iron  pan,  in  whose  bottom  a  special  iron  ring  protects  the  retort- 
bottom  from  heating,  whilst  the  remaining  space  of  the  pan  round 
the  retort  is  filled  with  fine  cast-iron  borings.  Sometimes  the 
retort  is  heated  in  an  iron  vessel  just  fitting  it,  which  is  gene- 
rally filled  with  sand  ;  Reese  (Dingl.  Journ.  civ.  p.  395)  puts  ashes 
on  the  bottom,  as  a  bad  conductor  of  heat.  Frequently,  however, 
the  retort  is  heated  direct  in  a  fire,  and  is  merely  protected  by 
asbestos  or  by  a  paste  of  clay  which  is  continued  up  to  the  curve 
of  the  neck,  so  that  the  vapour  is  prevented  from  condensing  too 
soon. 

In  any  case  the  retorts  inust  be  made  of  very  good  glass,  free 
from  knots,  equally  thick  all  over,  and  not  too  large ;  the  neck 
must  be  protected  against  draughts,  and  must  not  extend  to  the 
middle  of  the  receiver,  as  the  latter  might  be  cracked  by  the  hot 
drops  of  acid  falling  into  it.  It  is  neither  necessary  nor  advisable 
to  cement  the  joint  between  the  retort  and  the  receiver,  or  to 
cool  the  latter,  considering  the  high  boiling-point  of  the  acid; 
but  it  is  useful  to  place  a  strip  of  asbestos  between  the  neck  of  the 
retort  and  the  receiver,  in  order  to  protect  the  latter  against  over- 
heating  at  the  point  of  contact. 

The  bumping  is  very  commonly  avoided  by  putting  in  substances 
which  favour  a  regular  evolution  of  vapour.  For  this  purpose  the 
following  are  useful : — platinum  scraps  or  wire,  for  instance  in  the 
'shape  of  spirals ;  bits  of  quartz,  of  porcelain,  or  of  very  hard  coke. 
Pelloggio  recommended  a  wide  glass  tube,  drawn  out  to  a  fine  point 
at  the  lower  end,  and  reaching  almost  down  to  the  bottom  of  the 
retort ;  through  this  the  air  can  communicate  with  the  interior 
(Polyt.  Centralblatt,  1868,  p.  892).  Hager  has  tried  this  and 
found  it  useless.  Dittmar  conducts  a  continuous  slow  current  of 
air  through  the  boiling  acid  (see  above,  p.  114)  ;  this  expedient 
has  answered  very  well  in  my  own  laboratory. 

"When  distilling  about  1  cwt.  at  a  time,  it  takes  from  5  to  6  hours 
of  moderately  strong  heating  before  the  contents  of  the  retort  begin 
to  boil ;  after  1 2  hours  one  twentieth  has  distilled  ofi'.  The  receiver 
is  now  changed ;  after  36  hours  (counting  from  the  commencement) 
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the  acid  is  distilled  off  within  one  eighth  or  one  tenths  and  the 
operation  is  stopped.  According  to  whether  the  first  change  of 
receiver  has  been  made  a  little  sooner  or  later,  acid  more  or  less 
concentrated  is  obtained. 

The  following  method  is  highly  recommended,  because  the 
danger  of  handling  such  large  quantities  is  thereby  avoided.  A 
small  tubulated  retort  holding  from  a  pint  to  a  quart  is  employed  ; 
above  this,  a  little  to  one  side,  a  bottle  of  convenient  size  is  mounted^ 
provided  with  a  glass  tap,  into  which  the  sulphuric  acid  to  be  rec- 
tified is  put,  after  it  has  been  freed  from  all  volatile  impurities  by 
previous  heating.  The  distillation  is  now  started  in  the  small  retort, 
which  is  about  half  filled,  and  into  which  a  few  scraps  of  platinum 
are  put.  Afterwards,  by  means  of  the  glass  tap  and  of  a  finely 
drawn-out  glass  tube,  as  much  acid  is  allowed  to  run  continuously 
from  the  stock-bottle  into  the  retort  as  is  distilling  off.  The 
operation  may  be  continued  till  too  large  a  quantity  of  fixed  sub- 
stances is  accumulated  in  the  retort.  I  have  seen  this  plan  at 
work  on  a  small  scale  in  English  factories. 

Pure  sulphuric  acid  is  now  attainable  in  commerce  at  such  a 
low  price  that  it  could  not  be  produced  by  any  of  the  just  described 
means.  It  is  in  reality  manufactured  from  the  weak  acid  dis- 
tilling over  in  the  production  of  rectified  O.V.  (comp.  next 
Chapter),  which  is  concentrated  by  evaporation  in  glass  retorts,  or 
preferably  in  a  small  platinum  still,  to  the  point  required. 

If  acid  of  98  p.  c.  H^SOi  is  manufactured  by  concentrating  in 
iron  retorts  or  otherwise,  the  acid  distilling  over  from  the  retorts  is 
often  of  the  proper  strength  of  *'  rectified  O.V.^'  (on  the  Con- 
tinent  and  in  America  =  66°  Baume) ,  viz.  93  to  93'5  p.c.  H2SO4.  If 
the  arsenic  has  previously  been  removed,  the  distilled  O.V.  will  be 
practically  pure  acid. 

In  England  the  designation  "  rectified  oil  of  vitriol "  (R.O.V.) 
or  "  distilled  oil  of  vitriol  ^'  (D.O.V.)  is  commonly  used,  not  for 
distilled  sulphuric  acid,  but  for  acid  concentrated  by  evaporation 
to  93  p.  c.  O.V.  =  168°  Tw. 
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CHAPTER  IX. 

THE  CONCENTRATION  OF  SULPHURIC  ACID. 

Sulphuric  acid^  as  obtained  direct  in  the  chambers  (that  is  to  say^ 
from  106°  to  at  most  124° Tw.  strong),  is  sufficiently  concentrated 
for  many  technical  purposes ;  and  where  the  acid  is  used  up  again 
for  such  purposes  at  the  same  works  its  further  concentration  is^ 
of  course,  out  of  the  question.  This  is  the  case,  for  instance,  with 
large  industries  having  their  own  vitriol-works,  with  the  manufac- 
turers of  superphosphate  and  of  sulphate  of  alumina  (concentrated 
alum).  Even  for  making  sulphate  of  soda  from  common  salt  it  is 
possible  to  manage  with  acid  of  124°  Tw.,  although  stronger  acid 
is  decidedly  preferable ;  and  in  fact  some  alkali-makers  (not  so 
many  now  as  formerly)  work  without  any  concentrating-appa- 
ratus,  making  their  chamber-acid  as  strong  as  possible.  The  want 
of  concentratiiig-apparatus  formerly  excluded  the  application  of  a 
Gay-Lussac  tower;  and  many  works  certainly  did  not  possess 
such  a  tower.  With  the  introduction  of  the  Glover  tower  the 
state  of  things  was  changed,  inasmuch  as  the  manufacturers  using 
this  tower  can  concentrate  all  their  acid  to  144°  or  even  152°  Tw. 
without  any  cost,  and  thus  arrive  at  the  same  point  as  those  who, 
not  using  that  tower,  concentrate  their  acid  in  lead  pans.  But 
since  Glover  towers  are  not  universal,  and  they  are  also  not 
suitable  for  all  the  uses  of  sulphuric  acid  (see  p.  673),  we  must 
here  describe  the  other  concentrating-apparatus  as  well.  These 
come  into  use  especially  where  the  strongest  oil  of  vitriol  is  to  be 
made,  for  which  the  Glover-tower  acid  is  not  very  well  adapted. 

When  boiling  dilute  sulphuric  acid  the  escaping  vapour  consists 
entirely  of  water,  and  contains  practically  no  sulphuric  acid. 
The  acid  remaining  behind  will  therefore  become  more  and 
more  concentrated,  without   any  material  loss  of  acid,  so  long 
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as  144°  Tw.  is  not  exceeded.  Walter  (as  quoted  in  Bote's 
'  Glover  Tower/  p.  17)  found  that  the  loss  in  concentrating  acid 
in  open  pans  up  to  144°  Tw.  only  amounts  to  O'Ol  per  cent.  At 
the  same  time  the  boiling-point,  which  in  the  case  of  chamber-acid 
is  about  147°  C,  gradually  rises  :  that  of  acid  of  144°  Tw.  is  200°  ; 
that  of  acid  of  152°  Tw.,  215°.  Beyond  this  the  boiling-point 
rises  very  rapidly,  and  finally  becomes  stationary  at  338°  C, 
at  which  point  not  real  sulphuric  acid  (S04Hs)>  but  an  acid 
containing  about  1*2  to  1*5  per  cent,  of  water  remains  behind 
(p.  173)  -  In  practice  this  limit  is  hardly  ever  reached ;  the  heating 
is  stopped  when  the  remaining  acid  nominally  shows  168°  Tw. ; 
often  its  real  density  amounts  to  only  1*830  or  1*835  =  166°  or 
167°  Tw.  A  table  of  the  boiling-points  of  sulphuric  acids,  according 
to  their  dilution,  has  been  given  above  (p.  193). 

The  way  in  which  sulphuric  acid  is  to  be  concentrated  is  modified, 
first,  by  the  material  of  the  concentrating-vessels.  From  what  has 
been  said  above  (p.  206  et  seq.)  it  follows  that  sulphuric  acid  of 
144°,  or  even  up  to  152°  Tw.,  acts  very  little  upon  lead,  even  when 
hot ;  and  so  long  as  the  acid  has  not  to  be  stronger  than  144°  Tw., 
leaden  vessels  are  nearly  always  used,  which  offer  the  advantage 
that  they  can  be  made  of  any  size,  and  that  when  they  are  worn 
out  they  can  be  very  easily  melted  down  and  the  material  used  over 
again.  It  is  not  advisable  to  carry  on  the  concentration  in  lead 
pans  above  144°  Tw.,  because  at  that  point  the  lead  is  much  acted 
upon;  and  in  no  case  can  lead  pans  be  used  beyond  152°  Tw., 
both  because  in  that  case  the  boiling-point  of  the  acid  too  nearly 
approaches  the  temperature  at  which  the  lead  begins  to  soften, 
and  because  the  acid  then  acts  too  strongly  upon  it. 

The  quality  of  the  lead  used  for  boiling-down  pans  is  of  great 
importance ;  this  subject  has  been  treated  p.  206  et  seq. 

The  further  concentration  of  the  acid  must  take  place  in  vessels 
of  glass  or  platinum,  or  in  apparatus  of  peculiar  construction, 
which  will  be  subsequently  described. 

The  concentration  of  sulphuric  acid  to  144°  or  to  152°  Tw.  is 
therefore  always  carried  on  in  lead  pans  (apart  from  the  Glover 
tower) .  These  pans,  however,  may  be  constructed  in  very  different 
ways.  They  may  either  be  heated  by  a  direct  fire,  and  either  from 
the  top  or  from  the  bottom,  or  by  steam^  or  by  the  waste  heat  of 
the  pyrites-burners ;  and  their  construction  differs  accordingly,  as 
will  appear  from  the  detailed  description. 
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1.  Lead  Pans  heated  from  the  top. 

This  is  the  appropriate  mode  of  firing  when  the  purity  and 
especially  the  appearance  of  the  acid  are  of  less  moment  than  a 
saving  in  fuel  and  the  accomplishment  of  a  large  amount  of  work. 
The  acid  in  this  case  vi,  of  course^  contaminated  by  the  flue-dust^ 
and  is  always  more  or  less  stained  by  sooty  matters^  whence  its 
English  name^  '*  brown  vitriol/'  has  arisen.  These  contaminations 
are  quite  harmless  when  it  is  used  for  decomposing  salt^  for  super- 
phosphate, and  for  many  other  purposes. 

On  the  other  hand,  the  rate  of  evaporation  with  a  fire  from  above 
is  very  quick,  because,  first,  the  hot  gas  is  brought  into  immediate 
contact  with  the  acid,  and  can  thus  communicate  its  heat  much 
better  to  the  latter  than  when  the  two  are  separated  by  metallic 
plates ;  secondly,  the  vapours  formed  thereby  are  at  once  removed 
by  the  draught,  which,  as  is  well  known  from  experience,  very 
much  assists  the  evaporation.  Moreover,  fired  from  the  top,  the 
pans,  if  properly  constructed,  are  much  less  acted  upon  than  when 
fired  from  below ;  especially  the  danger  of  being  burnt  through 
from  the  workmen's  carelessness  is  much  diminished. 

Concerning  the  loss  of  acid  in  evaporation  no  experiments  have 
been  published ;  probably  it  is  somewhat  larger  than  with  pans 
heated  from  below,  as  the  stream  of  fire-gases,  acting  upon  the 
boiling  acid,  carries  some  of  it  away  in  the  so-called  ''  vesicular '' 
form,  i.  ^.  as  a  mist  of  minute  liquid  drops,  not  in  that  of  vapour, 
but  more  difficult  to  condense  than  the  latter  (comp.  below) . 

According  to  the  above,  pans  with  top- heat  are  especially  suitable 
for  alkali-  and  manure-works  or  for  acid  to  be  sold  to  the  latter, 
but  less  so  for  sale-acid  intended  for  other  purposes.  These  were 
at  one  time  far  more  extensively  used  in  England  than  pans  with 
bottom-heat;  but,  like  them,  have  mostly  become  superfluous 
where  Glover  towers  are  employed.  Such  pans  have  been  de- 
scribed by  Godin  (^  Annales  des  Mines,'  1865,  p.  344)  and  by 
myself  (Dingl.  Journ.  cci.  p.  352) .  In  any  case  the  lead  must  be 
protected  from  direct  cpntact  with  the  fire,  or  at  least  the  pans 
must  be  cooled  in  such  a  manner  that  the  lead  cannot  melt.  The 
best  way  of  doing  this  is  to  keep  the  pan  always  filled  to  the 
same  level,  and  that  near  to  its  top,  leaving  only  a  sufficient 
margin  to  prevent  any  boiling-over.  In  ordinary  work  the  acid 
is  never  drawn  off  altogether  unless  for  repairs;  but,  the  con. 
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ceotrated  acid  being  heavier  and  sinking  down,  it  is  continually 
drawn  off  from  the  bottom,  and  fresh  acid  is  constantly  run  in 
at  the  top,  as  long  as  the  concentrating  process  goes  on.  Even 
then  the  empty  portion  of  the  pan  has  to  be  protected,  especially 
at  the  fire-bridge ;  and,  in  many  English  works,  for  this  purpose 
formerly  a  lead  pipe  was  burnt  on  all  round,  through  which  ran  a 
continuous  stream  of  cold  water.  This  contrivance  cannot  be 
bighly  recommended,  because  the  pipe  soon  gets  leaky.  Moreover 
the  raising  of  the  water  costs  something ;  and  therefore  the  fol- 
lowing arrangement  is  preferable. 

Fig.  340. 


Fig.  340  shows  a  front  elevation,  fig.  341  a  cross  section,  and 
fig.  342  a  plan  of  a  pan  with  top-heat.  The  fireplace,  A  (2  ft.  x 
4  ft.),  is  builtup  quite  independently ;  its  only  connection  with  the 
pan  B  is  by  the  arch  a,  and  tlie  fireclay  slabs  c,  2  feet  long,  lying 
oa  the  fire-bridge,  b ;  the  slabs  c  have  a  6-inch  hold  on  b  ;  and  as 
the  space  d  between  A  and  B  is  1  foot  wide,  they  project  6  inches 
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ioto  B.  The  fireplace  A  is  here  aliown  as  a  plain  grate;  it  migbt, 
of  course,  be  more  rationally  constructed,  and  at  some  works  it  is 
replaced  by  a  gas-producer.  The  air-channel,  d,  prevents  any 
injurious  effect  of  the  heat  of  the  fireplace  on  the  pan,  and  we 
need  only  regard  the  flame  itself  in  that  respect. 

Fig.  342. 


The  pan  B  is  always  made  of  a  single  sheet  of  lead,  weighing  from 
15  to  as  much  aa  30  lb.  per  superficial  foot ;  the  comers  are  not 
made  by  cutting  out,  but  by  folding  over,  as  shown  plainly  in 
fig.  342.  Since  such  stout  lead  cannot  easily  be  bent  cold,  along 
the  line  marked  out  for  the  folding  a  small  fire  of  shavings  is 
made,  of  course  taking  care  to  avoid  melting  the  lead ;  the  lead 
then  softens  sufficiently  to  be  bent  with  ease.  The  pan  is  placed 
on  brick  pillars,  e  e,  standing  quite  free,  so  that  the  space  between 
tbem  and  below  the  pan  is  accessible  at  any  time.  On  the  pillars 
strong  wood  beams, //,  arc  laid  ;  and  across  these  3-inch  planks 
are  placed  close  together  ;  they  are  covered  with  a  thin  layer  of 
sand,  on  which  the  pan  itself  is  set.  The  pillars  and  beams  project 
on  each  side  10  inches  beyond  the  pan,  and  thus  support  small 
brick  pillars,  A  A,  9  inches  square,  not  quite  touching  the  lead, 
and  connected  together  at  the  top  by  cast-iron  girders,  i  i.  These 
have  an  angular  section,  and  serve  as  springers  for  the  arch  a, 
which  is  thus  quite  independent  of  the  pan.  In  themselves  the 
pillars,  h  h,  are  mucli  too  weak  to  bear  the  side  pressure  of  the 
arch  ;  but  thi.s  is  kept  up  by  the  binding-rods,  k  k.  The  upper 
margin  of  the  lead  pan  is  bent  round  at  a  right  angle  and  jammed 
in  between  the  pillars,  h  h,  and  the  girders,  i  t ;  in  this  way  the  sides 
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of  the  pan  are  kept  stiff.  Next  to  the  fireplace,  where  the  pan 
becomes  hottest  and  most  readily  gives  way,  it  may  be  protected 
by  iron  rails  and  stays,  1 1. 

A  neater,  bat  rather  dearer,  plaa  is  this  : — Instead  of  the  brick 
pillars,  e  e,   cast-iron  columns   are 
provided,  carrying,  aboat  halfway  up,  ''K-  "^■ 

brackets,  upon  which  metal  plates 
for  supporting  the  pan-bottom  are 
laid.  The  columns  are  connected 
at  the  top  by  metal  girders  serving 
as  spriDgers  for  the  pan-arch,  and 
are  kept  together  by  bracing-rods. 
Fig.  343  will  make  this  plainer. 

The  proper  protection  of  the  pan 
from  the  fire  ia  brought  about  by  the 

dry  wall,  m  m,  built  up  all  round  within  the  pan,  of  the  best,  hardest 
acid-proof  fire-bricks  or  stoneware  slabs.  At  the  long  sides  this 
wall  reaches  up  to  the  arch ;  at  the  fire-end  it  only  reaches  to  the 
npper  margin  of  the  pan,  and  there  carries  the  projecting  fireclay 
slabs,  c ;  at  the  chimney-end  there  are  similar  slabs,  n,  reaching 
up  to  the  dowo-draught,  o.  The  wall,  m  m,  stands  about  I  inch 
off  the  pan-sides,  and  has  openings  at  the  bottom,  so  that  the  acid 
can  circulate  freely.  It  is  evident  that  the  fire  can  nowhere  touch 
the  lead  itself ;  and,  moreover,  the  pan  is  also  protected  outside 
by  the  cooling  action  of  the  air ;  so  that  it  cannot  possibly  melt 
or  even  soften.  If  the  sides  of  the  pan  are  to  be  stayed  against 
bulging  out,  it  should  he  done  by  open  grids  of  cast-iron,  which 
do  not  prevent  the  lead  from  being  cooled.  The  greatest  danger 
of  giving  way  is  still  left  at  the  fire-eod,  to  which,  certainly,  great 
attention  must  be  paid.  In  the  arch  there  are  manlioles,^p,  and 
an  inlet-pipe  for  acid,  whilst  the  strong  acid  is  drawn  off  by  a  siphon 
from  the  end  *,  left  free  by  the  arch  ;  it  is  still  better  to  attach  to 
the  bottom  of  the  pan  an  overflow-pipe  which  rises  to  its  top,  and 
whose  mouth  can  easily  be  narrowed  according  to  requirement. 
The  pan  is  preserved  better  if  the  fresh,  cool  acid  runs  in  at  the 
part  nearest  the  fire-bridge,  whilst  the  strong  acid  is  taken  away 
at  the  opposite  end  of  the  pan,  where  it  is  coolest.  It  is  always 
too  hot  to  be  used  directly  j  and  therefore  it  is  run  into  shallow 
lead  coolers,  stayed  by  iron  or  wood  frames,  of  which  one  is  being 
filled  whilst  the  contents  of  the  other  are  being  used.     If  the  acid 
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should  not  run  off  sufficiently  strong,  either  the  6re  is  increased  or 
the  supply  of  weak  acid  is  diminished,  or  both. 

The  width  of  the  pan  is  dependent  upon  that  of  the  sheet4ead ; 
if  for  the  sides  about  17  inches  each  are  allowed,  about  4  feet 
11  inches  generally  remain.  The  length  is  always  much  more  con- 
siderable, rarely  below  20  feet,  but  sometimes  as  much  as  33  feet. 
The  longer  the  pan,  the  better  the  fire  is  utilized.  The  consump- 
tion of  fuel  is  always  much  less  than  for  pans  with  bottom-fires; 
Bode  estimates  it  at  from  10  to  12  per  cent,  of  the  strong  acid, 
but  I  can  report  from  a  thoroughly  trustworthy  source  that  in 
properly  constructed  pans  of  this  kind  only  2  or  3  parts  of  coal  are 
required  to  make  100  parts  acid  of  142°  Tw.  from  chamber-acid  of 
110°Tw.  The  repairs  of  a  properly  constructed  pan  of  this  kind 
are  much  less  than  those  of  a  pan  with  bottom-heat  (as  they  always 
are  in  analogous  cases) ;  and  the  work  done  is  much  larger  for  an 
equal  area.  A  pan  of  4  feet  11  inches  width  by  33  feet  length  was 
sufficient,  in  my  experience,  for  boiling  down  80  tons  of  acid  of 
144°  Tw.  per  week,  from  chamber-acid  of  116°-124°Tw. 

These  pans  were  described  exactly  as  above  in  the  first  edition 
of  this  book  (1879),  and  that  description  was  taken   from  the 
works  managed  by  the  author  as  early  as  1866 ;  of  course  they 
were  known  previously  to  that,  although  I  am  not  aware  who 
first  constructed  them.     But  it  would  appear  that  the  knowledge 
of  this  fact  has  been  forgotten,  for  when  the  Hasenclever  modi- 
fication of  the  Deacon  process  (E.  P.  3393,  of  1883,  described  in 
Vol.  III.  of  this  work)  was  introduced  into  England,  the  pans 
employed  in  that  process  for  the  purpose  of  re-concentrating  the 
sulphuric  acid,  diluted  in  the  process  of  purifying  impure  hydro- 
chloric acid,  were  styled  *'  Hasenclever  pans,"  although  they  are 
constructed  exactly  as  shown  above,  with  unessential  modifications, 
e.  g.  a  cast-iron  grid  running  along  the  sides  of  the  pans,  instead 
of  the  pillars  h  A,  fig.  342.     These  '^  Hasenclever  pans  ^*  have  in 
the  course  of  years  acquired  an  unenviable  notoriety  in  conse- 
quence of  the  amount  of  acid  carried  away  into  the  chimney, 
probably  not  at  all  in  the  state  of  vapour,  but  of  a  'Vesicular" 
mist  produced  by  the  boiling  of  the  acid  in  a  stream  of  fire-gases. 
Constant   complaints   have   been   made    in   that   direction,   and 
especially  the  35th  Report  on  Alkali  &c.  Works  swarms  with 
them.     In  the  36th  Report,  however,  for  the  year  1899,  p.  18,  it 
is  remarked  that  at  one  works  a  very  great  improvement  had  been 


LEAD  PANS  WITH  BOTTOM-HEAT.  817 

effected,  not  that  the  *'  total  acids  "  were  very  materially  reduced, 
but  that  they  are  discharged  in  a  less  vesicular  physical  condition, 
so  that  their  density  is  less  and  they  do  not,  as  is  otherwise  the 
case,  fall  heavily  among  the  neighbouring  streets  without  diffusion 
and  dilution  in  heavy  weather.  This  improvement  has  been 
brought  about  by  firing  with  gas-producers.  The  primary  air  is 
carefully  regulated,  and  the  secondary  air  is  heated  up  by  what 
would  otherwise  be  lost  by  radiation.  This  secondary  air  is  intro- 
duced into  the  (sufficiently  large)  combustion-chamber  at  such  a 
point  that  immediate  contact  of  the  flame  with  heated  acid  is 
avoided  as  much  as  possible. 

According  to  the  38th  Alkali  Inspector's  Report,  p.  75,  the  firing 
by  means  of  producer-gas,  while  keeping  the  acidity  of  the  escaping 
gases  more  constant,  had  failed  to  reduce  the  amount  of  acidity, 
as  the  fire-gases  leave  the  pans  at  far  too  high  a  temperature. 
The  Inspector  strongly  recommends  to  abandon  the  ordinary 
system  of  surface-heat  evaporation  in  favour  of  the  Kessler 
furnaces  (comp.  below). 

Clongh  (*  American  Patents,  Official  Report,^  i.  p.  495,  iii.  p.  166) 
has  proposed  a  similar  apparatus  for  concentrating  the  acid  up  to 
170°  Tw.  His  pan  was  protected  from  the  fire,  inside  by  a  wall 
and  outside  by  cold  water  contained  in  an  iron  jacket.  This  can 
hardly  be  put  into  practice,  because  the  loss  of  acid  vapours  would 
be  too  great,  and  the  pan  would  not  stand  the  wear  and  tear,  in 
spite  of  the  water-jacket. 

2.  Lead  Pans  tvith  bottom-heat. 

These  pans  are  mostly  made  of  much  smaller  size  than  those  with 
top-heat;  the  essential  reason  of  this  is  the  difi^erent  wear  and 
tear  which  they  suffer  according  to  whether  they  are  more  or 
less  exposed  to  the  fire ;  moreover  the  concentration  in  this  case  is 
very  regular,  the  pans  always  being  arranged  in  sets,  so  that  the 
weak  acid  flows  in  at  one  end  of  the  set  and  runs  over  from  one  pan 
to  another  till  it  runs  off  sufficiently  strong  at  the  other  end  of  the 
set,  in  order  to  be  used  up  or  sold,  or  to  be  further  concentrated  in 
platinum  vessels.  Sometimes,  however,  long  pans  made  in  one 
piece  are  used,  especially  in  England.  In  that  case  the  first  part, 
nearest  the  fire,  is  protected  by  an  arch,  the  larger  part  of  the  pan- 
bottom  behind  this  by  fire-clay  slabs  or  metal  plates.  Such  a  pan 
is  shown  in  our  second  edition  pp.  664  &  665. 

VOL.  I.  3  G 
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The  metal  plates  are  sometimes  covered  by  a  thin  layer  of  sand,  in 
order  to  communicate  the  heat  evenly  to  the  pan ;  but  this  greatly 
hinders  the  heat-convection.  The  pan  is  stiffened  inside  by  iron 
stays  covered  with  lead ;  and  it  is  covered  by  an  arch  to  carry  off 
the  vapours  into  the  open  air  or  into  the  chambers — the  latter  rarely. 

On  the  Continent  small  pans  are  very  generally  used,  of  5  to 
7  feet  length  and  widths  and  from  12  to  16  inches  depth,  of  which 
from  four  to  six  form  a  set.  They  are  made  of  15-  to  18-lb.  lead, 
mostly  by  bending  up  the  sides  and  folding  over  (not  cutting  out) 
the  corners.  Sometimes  such  pans,  instead  of  being  made  of  sheet- 
lead  burnt  together,  are  cast,  about  |  inch  thick.  They  are  in 
that  case  exposed  to  the  fire  directly,  without  interposing  iron 
plates.  This  plan  cannot,  however,  be  recommended.  Such  cast 
pans^  being  much  thicker,  are  dearer  than  those  made  of  sheet- 
lead  ;  and  they  are  much  more  liable  to  have  unsound  places, 
which  are  very  soon  eaten  through.  They  are  often  set  in  steps, 
each  pan  about  2^  inches  lower  than  the  preceding  one ;  in  other 
cases,  however,  they  are  placed  with  their  bottoms  at  the  same 
level,  but  are  made  of  different  depths — the  pan  which  receives  the 
weak  acid  being  the  deepest  (16  inches),  and  each  following  one 
a  little  less,  the  last  pan  (for  strong  acid)  being  12  inches 
deep.  In  this  way  the  acid  can  also  flow  from  one  end  of  the 
set  to  the  other.  At  the  Oker  Works  there  is  a  long  pan  divided 
by  partitions  into  seven  compartments  of  equal  height  and  level ; 
the  fire-grate  is  in  the  centre  of  one  side ;  and  the  flame  first 
passes  in  the  centre  to  the  back,  and  then  returns  at  both  sides  to 
the  front  of  the  pan. 

The  acid  is  sometimes  carried  over  from  one  pan  into  the  next  by 
continuously  acting  cup-siphons.  But  as  such  siphons  frequently 
cease  to  act  in  consequence  of  air  getting  in,  owing  to  the  slow 
current  and  the  small  difference  of  level,  an  overflow-pipe  ought 
always  to  be  provided  to  prevent  the  pans  from  running  over, 
it  is  even  preferable  to  replace  the  siphons  altogether  by  overflow- 
pipes,  which  take  the  acid  from  the  bottom  of  one  pan  and  allow 
it  to  run  on  to  the  top  of  the  next  one ;  but  this  arrangement 
requires  the  work  of  a  very  good  plumber,  to  last  without  con- 
tinual repairs.  The  chamber-acid  is  constantly  running  into  the 
fiist  pan  in  a  regulated  stream ;  and  the  strong  acid  runs  ofF  from 
the  last  pan  without  any  further  interference,  the  supply  being  so 
regulated  that  the  proper  strength  is  obtained. 
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The  pan-bottoms  are  always  stayed  and  protected  from  the  direct 
action  of  the  fire  by  cast-iron  plates^  which  are  thicker  at  the  fire 
end  than  further  off — say,  decreasing  from  2  inches  down  to  J  inch. 
Frequently  the  first  pan,  below  which  the  fireplace  itself  is  built, 
is  protected  by  an  arch.  MacDougall  (Engl.  pat.  21,778,  1895) 
employs  perforated  cast-iron  plates  for  supporting  the  bottom, 
preferably  in  the  shape  of  a  grid  with  longitudinal  and  transverse 
rills,  leaving  diamond-shaped  holes.  This  indeed,  according  to 
'Alkali  Report^  No.  31,  p.  54,  prevents  a  local  overheating  of 
the  pan-bottoms,  which  readily  occurs  with  solid  cast-iron  plates, 
and  the  pans  do  not  show  any  buckling  even  after  prolonged 
use. 

Carulla  (Journ.  Soc.  Chem.  Ind.  1893,  p.  15)  interposes  a  copper 
plate  3^jj  in.  thick  between  the  lead  and  the  ordinary  solid  1-in. 
cast-iron  plate,  which,  owing  to  its  good  conduction  of  heat,  very 
eflSciently  prevents  local  overheating  of  the  lead  without  inter- 
fering with  the  transmission  of  the  heat. 

Opinions  differ  as  to  the  way  in  which  the  firing  of  the  pans 
should  be  an*anged.  Formerly  the  usual  arrangement  was  that 
of  putting  the  fireplace  under  the  strong  pan,  and  allowing  the 
fire  to  travel  towards  the  weak  pan,  which  receives  it  last  of  all. 
In  this  case  the  greatest  heat  exists  where  it  is  naost  required, 
since  the  concentration  of  the  strong  acid  is  more  di£Scult  and  its 
boiling-point  higher,  and  since  the  fire-gas  eventually  comes  into 
contact  with  cold  acid.  When  the  pans  are  set  terrace-fashion, 
the  fire  takes  its  most  natural  direction,  viz.  upwards.  At  the 
Rhenania  Works  the  pans  are  still  set  in  this  way. 

Practice  has,  however,  mostly  decided  for  the  opposite  plan, 
namely,  arranging  the  fireplace  under  the  weak  pan,  so  that  the 
strong  pan  is  farthest  from  the  fire.  In  this  case  the  strong  pan, 
which  is  otherwise  worn  out  very  quickly,  suffers  hardly  more 
than  the  others,  and  the  evaporation  still  goes  on  at  a  satisfactory 
rate,  although  there  may  be  a  little  more  fuel  used  than  with 
the  old  arrangement,  which  is  undoubtedly  more  rational  as  an 
cvaporating-plant,  but  less  adapted  to  the  special  needs  in  this 
case. 

Bode  cites  the  temperature  and  strength  of  the  acid  in  a  set 

of  six  pans,  where  the  fire  travelled  in  the  same  direction  as  the 

arid,  viz. : — 

3o2 
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Acid  running  in.     1st  pan.  2nd  pan.  3rd  pan.  4th  pan.  5th  pan.  6th  pan. 

a.  Temperature  25^ 112  150  160  148  145  1430. 

Strength  110°  113  120  128  134  140  144  Tw. 

A.  Temperature  24° 110  145  156  145  142  1420. 

Strength  110«  113  118  126  134  140  144Tw. 

Here  the  hottest  pan  is  the  third ;  so  that  the  fire  is  badly  uti- 
lized. According  to  his  experience  this  set  required  20  parts  and 
upwards  of  coal  to  produce  100  parts  of  acid  of  144°  Tw. ;  whilst  in 
the  set  figured  on  pp.  821  &  822,  where  the  fire  meets  the  acid, 
only  15  to  16  parts  of  coal  were  used  (on  the  average  of  several 
years).  For  each  ton  of  strong'acid,  in  24  hours  about  20  super- 
ficial feet  of  pan-bottom  may  be  reckoned;  the  whole  set,  the 
refore,  furnishes  6^  tons  every  24  hours. 

Bode  gives  the  temperatures  and  strengths  of  the  acid 
during  concentration  in  pans  with  the  old  style  of  setting  as 
follows : — 

Set  of  four  pans  : 

Acid  running  in.  Ist  pan.    2nd  pan.     3rd  pan.  4th  pan. 

o  o  o  o 

Temperature  20° 52  78  120  138  C. 

Strength  106°  ...  ...  144  Tw. 

Set  of  three  pans  heated  by  the  pyrites-burners  : 

^'"prZJyV*^  l''l»°-        2nd  pa,..  3rd  p.n. 

Temperature  70° 105  128  1470. 

67° 92  106  125C. 

Strength  106° ...  144Tw. 

According  to  Hasenclever,  it  is  well  to  regulate  the  working  of 
the  pans  by  thermometers,  in  order  to  avoid  any  risk  of  damaging 
them. 

Figs.  344  to  347  represent  the  set  of  pans  designed  and  constructed 
by  Bode,  where  the  fireplace  is  outside,  in  order  to  save  the 
first  pan.  From  this,  by  means  of  a  pan -area  of  118  superficial 
feet  and  a  fire-grate  of  6^  superficial  feet,  5  tons  of  strong  acid 
could  be  produced  every  24  hours,  with  a  consumption  of  12  to  14 
per  cent,  of  Silesian  coal.  Figs.  269  to  272,  pp.  669  &  670  of 
our  second  edition,  show  a  modification  in  which  a  Fairbairn's 
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double  fireplace  is  used.  In  all  of  these  the  strong  pan  is  placed 
over  the  fire,  as  usual  formerly,  whilst  at  the  present  day  the 
order  would  be  reversed. 


According  to  Seheurer-Kestner  (Wurtz, 'Diction,  de  Chimie,' 
iii.  p.  159),  four  pans,  6  feet  6J  inches  by  3  feet  11  inches  each, 
permit  the  concentration  from  109°  to  152°  Tw.  of  sufficient  acid 
to  produce  3  tons  of  concentrated  acid  daily,  with  a  consumption 
of  no  more  than  half  a  ton  of  coals. 

Bode  calculates  the  coat  o£  erecting  a  concentrating-apparatus 
like  that  shown  in  figs.  344  to  347  at  £150,  and  that  of  keeping  it 
In  good  working  order  at  12  per  cent,  per  annum.     The  cost  of  the 
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concentration  itself,  reckoning  coals,  wages,  aod  vear  and  tear,  in 
four  actual  cases,  amounted  to  from  Za.  d^d.  to  2s.  Sd.  per  ton. 


t 


JuDge  {Jahrb.  f.  Bei^-  u.  Hiittenw,  f.  Saclisen,  1892;  Zsch. 
angev.Ch.  1893,  p.  61)describes  tLe  bottom  fire-pans  as  used  at  Frei- 
be^.  They  are  about  6  ft.  6  in.  long,  3ft.  3  in.  wide,  and  8  in.  deep. 
They  are  supported  by  ^  in.  cast-iron  plates  and  are  arranged  in 
tiers,  the  fireplace  being  underneath  the  strong  bottom  pan  and  tb(^ 
acid  running  in  at  the  top  pan.  These  pans  furnish  a  uniformly 
strong  acid,  and  consume  only  two-thirds  as  much  fuel  as  the  steam- 
pans.  They  suffer,  however,  under  the  disadvantage  that  the  first, 
strong,  pan  is  quickly  worn  out.  [It  is  strange  that  Junge  does 
not  even  mention  the  arangement,  represented  as  the  only  rational 
one  on  p.  819,  in  which  the  fireplace  is  situated  underneath  the 
weak  pan,  in  order  to  lessen  the  wear  and  tear,]  Sometimes  the 
pan-bottom  is  suddenlydecomposed,  the  cause  of  which  is  unknown. 
[The  explanation  of  this  phenomenon  is  given  by  the  investigations 
of  Lunge  and  Schmid,  p.  209 ;  or  else  by  the  cause  mentioned  on 
p.  801.]  In  normal  work  the  temperature  of  the  acid  running 
off  is  200°  C.  [This  is  much  higher  than  has  been  hitherto 
observed,  and  this  may  explain  the  great  wear  and  tear,] 

Very  good  results  have  been  obtained  with  a  system  in  which 
the  fireplace  is  arranged  underneath  a  platinum  dish,  covered 
with  a  water-cooled  dome  and  protected  by  a  brick  arch  below. 
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From  this  the  fire  passes  underneath  the  lead  pans/ in  which  the 
acid  thus  never  exceeds  160°  C.  or  58°  B^.  The  sudden  destruc- 
tion of  the  first  pan  never  happens  in  this  case.  After  15  to  20 
weeks'  use  it  begins  to  leak  slightly^  so  that  the  acid  can  be  drawn 
off  before  any  trouble  arises.  The  first  pan  now  lasts  3  or  4 
months^  the  second  2  or  3  years^  the  others  5  years^  and  they  can 
be  replaced  within  12  hours  at  a  trifling  cost.  This  apparatus^ 
inclusive  of  the  platinum  dish,  costs  about  as  much  as  the  steam- 
apparatus  described  p.  828,  inclusive  of  the  steam-boiler ;  it  requires 
much  less  space^  is  quite  as  safe^  and  furnishes  a  stronger  and  more 
uniform  acid,  with  a  much  smaller  consumption  of  fuel. 

The  Zeitzer  Eisengiesserei  (G.  P.  99,768 ;  Fischer's  Jahresb.  1898, 
p.  328)  employs  a  cylinder  of  antimony-lead^  heated  inside  by  fire- 
gases  (?) ,  and  fitted  on  the  outside  with  a  number  of  antimony- 
lead  dishes  arranged  so  that  the  acid  overflows  from  each  dish  to 
the  lower  one. 

Wolters  (Engl.  pat.  18,831,  1893)  carries  the  evaporation  in  lead 
vessels  beyond  the  usual  extent,  preventing  the  action  of  the  acid  on 
the  lead  by  saturating  the  acid  with  lead  sulphate.  An  excess  of  this 
is  put  in  and  is  kept  in  suspension  by  mechanical  stirring.  Most  of 
the  dissolved  lead  sulphate  crystallizes  out  on  cooling  and  can  be 
used  over  again. 

^.  Lead  Pans  fired  by  waste  heat. 

In  works  where  there  are  platinum  apparatus  for  making  acid  of 
170°  Tw.,  the  fire  of  these  can  never  be  so  far  utilized  that 
the  waste  heat  could  not  be  employed  for  heating  lead  pans ;  and 
this  is  actually  done  in  most  practical  cases. 

Much  more  generally  applicable,  and  quantitatively  more  effi- 
cient, is  the  utilization  of  the  waste  heat  of  pyrites-  or  sulphur- 
•  burners  for  concentrating  chamber-acid.  Where  there  is  no  Glover 
tower  (which  utilizes  that  waste  heat  in  a  different  and  even  more 
thorough  manner)  the  above  process  is  most  rational,  since  here 
also  the  same  operation  that  produces  the  concentration  of  the 
acid  fulfils  another  useful  function,  that  of  cooling  the  burner- 
gas  before  it  enters  the  chambers. 

The  pans  used  here  are  generally  made  exactly  like  those  for  con- 
centrating with  bottom-fires.  They  are  mostly  placed  on  the  pyrites- 
burners  themselves  :  they  must  not,  however,  be  set  directly  upon 
the  burning  pyrites,  nor  even  with  merely  a  metal  plate  between, 
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but  must  be  separated  from  it  by  a  brick  arch.  In  most  cases  a  gas- 
flue  is  placed  immediately  over  the  burners,  serving  at  the  same  time 
as  a  dust-chamber,  on  the  top  of  which  the  acid-pans  are  placed  (see 
the  diagrams  of  Maletra  burners,  pp.  335  &  336).  Sometimes, 
from  fear  of  leakage  from  the  pans  into  the  burners,  they  are  not 
placed  over  these,  but  upon  a  continuation  of  the  gas-flue.  Hasen- 
clever  even  advises  building  a  second  gas-flue,  to  be  used  during 
the  time  when  the  pans  have  to  be  repaired.  The  heat  of  the  kiln- 
gas  will  not  thus  be  turned  to  account  so  well  as  if  the  pans  stood 
directly  upon  the  burners ;  and  the  danger  of  leakage  into  the 
burners  can  be  avoided  by  providing  the  metal  plates,  on  which 
the  pans  rest,  with  a  flange  all  round  and  an  outflow  for  any  acid 
collecting  in  it,  like  those  used  in  nitre-ovens.  Leakages  occur 
also  less  easily  where  the  pans  are  very  shallow,  so  that  the  depth 
of  acid  is  only  a  few  inches.  But,  on  the  other  hand,  it  has  been 
noticed  that  sometimes,  especially  in  the  case  of  poorer  ores,  the 
pans  on  the  burners  withdraw  too  much  heat  from  these  to  be 
conducive  to  good  burning.  For  this  reason  they  have  been 
abolished  at  the  Oker  Works. 

Whilst  at  some  places  such  pans  on  the  top  of  the  burners 
concentrate  all  the  chamber-acid  from  112°  to  114°  Tw.,  at  others 
this  cannot  be  done,  and  a  little  extra  coal  is  required  for  com- 
pleting the  concentratiora. 

The  diagrams,  figs.  348  to  354,  represent  pans  designed  by  Bode, 
along  with  the  pyrites-kilns  used  by  him.  The  apparatus  shown 
here  belongs  to  a  set  of  chambers  of  40,000  cubic  feet  capacity ; 
and  each  burner  receives  daily  16  cwt.  of  Westphalian  pyrites  con- 
taining 42  per  cent,  of  sulphur.  The  grate  of  each  burner  has  a 
surface  of  34*4  square  feet ;  the  grate-bars  are  elliptical,  3  inches 
by  1^  inch,  each  of  them  movable;  the  arch  is  4  feet  4  iuches 
above  the  grate,  with  a  spring  of  7  inches.  The  diagrams  show 
how  each  burner  can  be  cut  oft'  separately.  The  pans  are  6  feet 
3  inches  by  4  feet  2  inches  oV  1  foot  2  inches,  made  of  sheet-lead 
weighing  8^  lb.  per  superficial  foot.  They  supply  daily,  when  1^  ton 
of  pyrites  is  burnt,  altogether  2  tons  5  cwt.  of  acid  of  144°  Tw.  (that 
is  to  say,  5  cwt.  in  excess  of  the  make  of  the  chambers) ;  but  as  at 
the  same  time  from  15  to  18  cwt.  daily  have  to  be  evaporated  for 
the  Gay-Lussac  tower,  the  excess  causes  no  inconvenience.  £ach 
year  three  new  pans  used  to  be  put  in,  a  pan  never  being  left  until 
actually  burnt  through,  but  replaced  as  soon  as  the  lead  had 
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become  too  thin — a  plan  most  decidedly  to  be  recommeDded  in 
everycase,    Therenewal  only  refers  to  the  strong-acid  pans;  those 


for  veak  acid  are  hardly  injured  at  all.  The  former  are  therefore 
much  better  made  of  thicker  lead,  say  30  lb.  to  the  superficial  foot, 
in  ffhich  case  they  last  for  about  two  years. 


The  cost  of  concentration  with  such  pans  only  amounts  to  a 
small  fraction  of  the  wages  of  the  bumermen,  in  addition  to  the 
expense  of  renewing  the  pans;  Bode  calculates  it,  for  a  special 


concentbation  of  bulfhubic  acid. 
Fir.  860. 


Fig  851. 
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case,  at  4^(j.  per  ton  of  strong  acid ;  for  less-favoiirable  cases  he 
estiniatea  it  at  6d.  to  9d.  per  ton. 


Some  manufactures  and  managerB  still  hold  that  it  is  irrational 
to  concentrate  the  acid  on  the  top  of  the  bumersj  because  the 
trouble  and  incessant  repaim  caused  by  leakages  are  beheved  to  be 
fw  worse  than  the  expense  of  heating  the  pans  by  a  separate  fire. 
To  this  I  must  oppose  that  I  know  of  a  great  number  of  works 
*liete  all  the  pyrites-kilns  are  provided  with  pans  placed  on  the  top, 
and  vbere  this  arrangement  has  been  at  work  for  many  years  (in  a 
'pwial  case  I  can  speak  of  30  years)  without  giving  any  trouble 
whatever.      This    is   proof    conclusive   that    the   troubles    from 
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leakages  complained  of  are  caused  by  a  wrong  setting  of  the  pans 
or  else  by  keeping  too  deep  a  layer  of  acid  in  them  (the  latter 
being  a  very  important  circumstance).  Where  they  are  not  placed 
directly  over  the  kilns,  but  over  the  gas-flue  (this  flue  is  mostly 
itself  placed  on  the  top  of  the  kilns),  and  where  they  are  properly 
protected  below  by  metal  plates  and  a  thin  sand-bed,  they  stand  as 
long  as  may  be  desired,  provided  that  only  a  shallow  layer  of  acid 
is  kept  in  them.  Indeed,-it  may  be  said  that  such  an  arrangement 
of  utilizing  part  of  the  heat  of  the  pyrites-kilns,  and  allowing  the 
other  part  to  act  in  the  Glover  tower,  is  decidedly  the  best  and 
cheapest  plan,  where  the  acid  is  required  of  purer  quality  than  can 
be  obtained  from  the  Glover  tower ;  the  latter  then  acts  much  more 
as  a  denitrator  than  as  a  concentrator,  and  the  acid  produced  in  it 
is  principally  used  for  the  Gay-Lussac  tower,  the  surplus  only 
being  used  or  sold  for  other  purposes. 

With  brimstone-burners  it  is  equally  possible  and  altogether 
rational  to  employ  their  heat  for  concentrating  sulphuric  acid.  In 
this  case  the  burners  are  not  covered  with  an  arch,  but  with  1-inch 
cast-iron  plates,  and  shallow  lead  pans  are  placed  immediately  above 
these.  Such  an  arrangement  is  distinctly  shown  in  Dr.  StahPs 
sulphur-burners  {supra,  p.  274)  ;  in  H.  Glover's  burner  (p.  279) 
it  is  combined  with  a  platinum  dish.  This  partial  utilization  of 
the  heat  of  the  gases  does  not  at  all  prevent  their  employment  for 
working  a  Glover  tower.  I  have  seen  this  combination  carried 
out  in  several  places  in  America,  where  the  Glover  tower  denitrates 
and  concentrates  all  the  acid  destined  for  working  the  Gay-Lussac 
tower,  while  the  acid  for  sale  is  concentrated  up  to  140°  Tw.  in 
lead  pans  placed  on  the  top  of  the  brimstone-burners.  The  Glover 
acid  in  these  cases  still  issues  about  150°  Tw.  strong,  and  126°  to 
130°  C.  hot. 

4.  Concentrating^pans  heated  by  steam. 

According  to  Hasenclever  (Ber.  d.  deutsch.  chem.  Ges.  v.  p.  504), 
the  idea  of  concentrating  sulphuric  acid  by  means  of  indirect  steam 
was  first  proposed  by  Carlier,  the  Manager  of  Messrs.  Curtius' 
chemical  works  at  Duisburg*.  After  several  trials  at  that  works 
they  now  use  wooden  tanks  lined  with  lead,  13  feet  square,  on  the 

•  He  seems  to  have  overlooked  Smith  &  Sa\-age'8  U.S.  P.  No.  41,647,  ol 
1864. 
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bottom  of  which  lie  two  lead  coils,  each  of  150  feet  length,  1 J  inch 
bore^  and  ^  inch  thickness  of  lead,  for  conveying  steam  of  45  lb. 
pressure.  The  bottom  of  the  pans  is  shaped  like  a  truncated 
pyramid,  for  the  purpose  of  more  easily  running  o£E  the  condensed 
water ;  so  that  the  tanks  are  2  feet  deep  in  the  centre,  1  foot  deep 
at  the  sides.  The  two  ends  of  each  steam-coil  are  connected  with 
a  lower-placed  steam-boiler,  into  which  the  condensed  water  con- 
tinually flows.  When  the  acid  has  arrived  at  140°  Tw.,  it  is  run 
into  a  leaden  tank,  through  which  a  lead  coil  passes ;  the  fresh 
chamber-acid  runs  through  this  coil ;  and,  in  cooling,  the  strong 
acid  gets  a  preliminary  heating.  With  the  above  apparatus  5  tons 
of  strong  acid  can  be  obtained  from  chamber-acid  of  160°  Tw., 
every  24  hours,  by  the  consumption  of  9  cwt.  of  coals.  The  steam- 
boiler  requires  only  as  much  fresh  water  as  gets  lost  through 
leakage  at  the  flanges  &c.  It  is  advisable  to  place  a  wooden  hood 
over  the  steam-tank,  to  prevent  any  danger  from  acid  being 
splashed  about  in  case  of  a  steam-pipe  bursting.  Owing  to  the 
low  temperature,  no  acid  at  all  is  evaporated ;  the  process  is  very 
cleanly^  and  economical  as  to  consumption  of  fuel  and  labour. 
This  Report  of  Hasenclever  is  fully  borne  out  by  Bode.  Hasen- 
clever  (Hofmann's  Report,  1875,  i.  p.  185)  states  the  corrosion  of 
lead  to  be  equal  to  0*44  lb.  of  lead  per  ton  of  acid.  The  steam- 
pipes  are  mostly  acted  upon  in  the  places  where  they  dip  into  the 
acid^  because  the  dust  accumulating  there  raises  by  capillarity  some 
acid  above  the  level  of  the  remainder,  and  this  becomes  too  highly 
concentrated  by  evaporation.  Since  a  lead  jacket  has  been  burnt 
to  the  steam-pipe  at  the  place  in  question,  the  above  drawback  no 
longer  exists. 

Figs.  355  &  356  represent  a  similar  apparatus,  copied  from 
Bode's  '  Gloverthurm,^  p.  27.  The  tank  here  measures  10  feet  6 
inches  by  14  feet  9  inches  at  the  surface,  1  foot  4  inches  depth  in 
the  centre,  1  foot  at  the  sides,  is  heated  by  steam  of  37  lb.  pressure, 
and  supplies  in  24  hours  5  tons  of  acid  of  114°  Tw.  with  a  con- 
sumption of  10  cwt.  of  Silesian  coal.  At  some  works  Bode  found 
a  consumption  of  only  8  cwt.,  at  others,  however,  from'  15  to  18 
cwt.  of  coal  for  the  same  quantity  of  acid. 

The  steam-coil  must  have  a  valve  both  where  it  enters  and  where 
it  leaves  the  pans,  which  should  admit  of  being  closed  from  a 
distance  in  case  of  the  coil  bursting.  Both  the  coil  and  the 
return-pipe  for  condensed  water  (for  which  a  steam-trap  should 
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be  provided)  must  be  so  laid  that  the  water  cannot  cause  a 
stoppage  anywhere.  The  lining  lead  weighs  from  6^  to  10  lb.  per 
superficial  foot.  The  whole  cost  of  concentration  by  these  pans, 
including  labour,  wear  and  tear  of  the  pau-lead  and  of  the  eteam- 
boiler  and  coila  (using  9  cwt.  of  coals  for  5  tons  of  vitriol),  is 
calculated  by  Bode  at  Is.  8rf.  to  Is.  lOrf.  per  ton  of  strong  anid. 


It  is  very  important  to  place  the  outlet  for  acid  in  such  a  position 
that  the- steam-coil  remains  completely  covered  when  rutming  off 
the  acid,  and  is  never  exposed  to  the  air,  which  would  greatly 
injure  the  lead.  After  a  year's  work  the  steam-coil  ought  to 
be  replaced  by  a  fresh  one,  even  if  not  showing  any  outward 
damage. 

Some  manufacturers  are  afraid  of  running  the  condensed  water 
back  into  the  boiler,  lest  the  latter  should  be  damaged  by  any 
acid  getting  into  it,  or  even  caused  to  explode ;  in  such  cases  the 
above-mentioned  larger  qtiantity  of  coals  is  used.  Bode  points 
out  that  there  is  no  danger  of  acid  getting  into  the  steam-boiler, 
because  in  case  of  the  steam-boiler  bursting  the  steam  blowing 
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oflF  will  prevent  the  acid  from  entering  the  boiler.  The  return- 
pipe  must  not  end  below  the  water-line^  bat  in  the  steam -dome. 

Dr.  Stahl  recommends  employing  steam  of  no  more  than  30  lb. 
pressure,  in  order  to  reduce  the  danger  of  bursting  pipes  to  a 
minimum. 

The  process  of  concentration  by  steam  certainly  furnishes  the 
purest  acid,  and  was  formerly  considered  cheaper  than  the  other 
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plans,  excepting  the  Glover  tower  or  the  pans  placed  on  the  pyrites- 
burners.  It  has  been  introduced  into  several  German  works,  but 
latterly  the  reports  on  the  economical  working  of  that  plan  have 
not  been  so  favourable  as  formerly.  At  Stolberg  this  plan  has 
been  given  up  again  as  being  too  costly. 

Several  new  steam  concentratiug-apparatus  for  sulphuric  acid 
have  been  introduced  in  connection  with  ice-making  apparatus,  all 
of  them  founded  on  the  principle  of  the  multi-tubular  boiler.  We 
mention  of  these  the  apparatus  of  Kux  (G.  P.  31,277),  fig.  357. 
The  upper  part  a  and  lower  part  b  are  connected  by  many  lead  pipes, 
c  c ;  through  these  and  the  outside  pipe  d  the  acid  circulates.  The 
whole  system  is  surrounded  by  a  shell  e,  into  which  steam  is  intro- 
duced through  /,  the  outlet  being  at  g.  The  thin  acid  is  introduced 
at  A,  the  concentrated  acid  flows  away  at  i ;  pipe  k  takes  away  the 
vapours,  and  a  water-pipe  m  with  an  inner  pipe  /,  perforated  by 
many  holes,  condenses  any  acid  carried  over. 
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Egells  (G.  p.  31,620)  deBcribes  a  very  similar  apparatus,  in  irUch 
the  tubes  are  placed  in  a  horizontal  direction,  and  special  precau- 
tious are  taken  against  any  sagging  of  the  tubes  c.  Kurtz  (G.  P. 
37,713)  employs  lead  pipes  provided  with  inner  iron  pipes.  A 
combination  of  a  leaden  pan  with  evaporating- worms  placed  side- 
ways of  it  forma  the  subject  of  a  patent  of  the  International 
Vacuum-Eismaachineoverein  {G.  P.  38,015 ;  Fiscber'a  Jahresb. 
1887,  p.  508). 

Fig.  357. 


Kurtz  (G.  P.  38,018)  describes  a  steam-heated  pan  with  counter- 
current. 

Solvay  &  Co.  (G.  P.  54,730)  promote  mechanical  circulation  in 
such  a  pan  by  a  mechanically  driven  screw-wheel. 

Junge  (Jahrb.  f.  Berg-  uud  Hiittenwesen  in  Sachsen,  1892;  Zsch. 
angew.  Ch.  1893,  p.  61)  describes  in  detail  the  steam-heated  acid- 
pans  employed  at  Freiberg.  They  are  flat-bottomed  boxes,  lined 
with  5  millim.  lead,  about  10  ft.  x  4  ft.  3  in.  and  14  inches  deep, 
with  a  coil  of  lead  pipe,  1|  in.  bore,  ^',j  in.  thick,  184  ft.  lonj, 
resting  on  loose  pieces  of  lead-pipiug.  Six  such  pans  are  com- 
bined in  a  set,  communicating  by  overflows;  the  acid  runs  in  »* 
one  end  and  out  at  the  other.     The  steam-pressure  is  best  not 
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exceeding  2^  atmospheres.  The  temperature  rises  in  the  first  pan 
to  125^,  and  does  not  go  above  128^  in  the  last.  The  strength  of 
the  add  (entering  at  51^*4  B^.)  in  the  six  pans  is  respectively : 
53°  9;  56°- 1;  57°-4;  58°-6;  59°-4;  50°-2  B^.  Hence  a  com- 
paratively  low  pressure,  far  below  the  boiUng-point  of  the  acid, 
sufSces  for  concentration ;  but  this  involves  slower  work  and  much 
more  plant  than  concentration  by  direct  firing.  The  cost  of 
repairs  is  slight  so  long  as  the  apparatus  is  new,  but  subsequently 
it  is  very  considerable.  The  thickness  of  the  steam-coils  corresponds 
to  a  strain  of  60  atmospheres  in  the  cold;  in  spite  of  this 
they  later  on  become  bulged  out  and  burst  with  a  pressure  of  only 
2^  atmospheres.  This  is  caused  partly  by  the  action  of  steam 
irom  within  and  hot  acid  from  without,  partly  by  the  gradual 
diminutioD  of  the  tensile  strength  of  the  lead  used  at  that  high 
temperature.  Lead  alloyed  with  1^  per  cent,  antimony  (hard 
lead)  cannot  be  used,  as  it  is  quickly  destroyed  by  hot  sulphuric 
acid  (comp.  p.  209).  This  occurs  chiefly  in  the  places  where  the 
hard  lead  is  in  contact  with  soft  (pure)  lead  and  galvanic  action 
sets  in ;  but  this  is  noticed  only  at  higher  temperatures,  not  with 
apparatus  worked  at  the  ordinary  degree  of  heat.  The  steam- 
pans  are  gradually  very  much  impaired  in  their  efficiency  by  lead- 
mud,  &C.  settling  between  the  coils ;  they  then  farnish  less  and 
weaker  acid.  Hence  their  use  cannot  be  recommended,  except 
where  it  is  absolutely  necessary  to  avoid  any  injury  to  vegetation, 
which  is  certainly  altogether  excluded  here,  as  well  as  any  loss  of 
acid.  But  they  are  far  more  costly,  both  to  erect  and  to  work, 
than  directly  fired  pans. 

Lead  vessels  for  higher  concentration  than  up  to  152°  Tw.  can  be 
used  only  by  the  application  of  a  vacuum  and  will  be  mentioned 
in  a  later  part  of  this  Chapter. 


5.  Concentration  to  144°  Tw.  in  Platinum  Vessels. 

Concentration  in  platinum  dishes, in  Faure  and  Kessler^s  apparatus. 
—The  inventors  state  that  7  parts  of  coal  suffice  for  obtaining 
100  parts  of  acid  of  143°  Tw.  from  acid  of  106°  Tw.,  of  which 
quantity  4^  to  5  parts  of  coal  may  be  deducted  if  the  steam  be 
used  for  the  acid-chambers.  The  same  might  be  done  in  any 
other  plan  ;  but  it  rarely  is  done,  because  too  much  air  is  carried 

VOL,  I.  3  H 


834  CONCENTRATION  OF  SULPHfTRlC  ACID. 

along  with  the  steam.  According  to  Bode,  in  reality  lOJ  parts  of 
coal  are  used,  the  warm  water  being  utilized  for  feeding  a  boiler. 
This  system,  applied  to  concentration  up  to  144°  Tw.,  does  not 
seem  to  be  able  to  compete  even  with  the  steam-pans,  let  alone 
the  pans  heated  by  pyrites-burners  or  the  Glorer  tower,  least  of 
all  if  the  cost  of  plant  be  considered. 

The  last  Concentration  of  Sulphuric  Add. 

We  have  seen  that  we  cannot  carry  on  the  concentration  in  lead 
pans  beyond  150°  or,  at  the  outside,  152°  Tw.,  the  latter  not  with- 
out a  somewhat  strong  action  upon  the  lead.  In  the  Glover  tower 
it  is  possible  to  go  rather  further,  as  its  lead  is  protected  by  the 
lining  so  as  to  be  acted  upon  very  slightly ;  the  acid  does  not  come 
into  contact  with  the  lead,  but  only  with  the  flints,  bits  of  .iK)ttery, 
&c.,  and  arrives  at  the  bottom  with  a  temperature  of  about  130^ 
C. ;  so  that  even  the  bottom  of  the  tower,  which  is  made  very 
strong,  is  not  sensibly  acted  upon.  In  fact  those  manufacturers 
(being  the  majority)  who  work  the  Glover  tower  with  hot  gas  from 
rich  ores,  and  get  their  chamber-acid  up  to  120°-124°  Tw.,  regu- 
larly attain  a  concentration  of  152°  Tw.,  and  in  some  cases  even 
156°  or  160°  is  reached.  The  latter  is  the  exception,  and  already 
dangerous  to  the  tower;  if  it  were  not  so,  the  concentration  by 
hot  kiln-gas  in  the  Glover  tower  (of  course  modified  to  some 
extent)  would  be  the  cheapest  plan  for  the  last  concentration  of 
the  acid,  because  then  the  escaping  gas  goes  into  the  chambers 
and  is  not  lost  at  all.  We  shall  see  below  that  this  has  been 
indeed  attempted. 

Concentration  beyond  the  point  attainable  in  lead  pans  or  in  the 
Glover  tower  is  a  much  more  difScult  task,  involving  incomparably 
more  expense  than  the  first  concentration.  Since  the  attempts  to 
concentrate  the  acid  up  to  170°  Tw.  by  means  of  cooled  lead  pans 
with  top-heat  (Clough),  or  by  a  vacuum  (Keller,  De  Hemptinne), 
or  in  towers  filled  with  pebbles  and  heated  directly  by  heating-gas 
(Gossage),  or  other  ways  had  not  been  successful,  and  since  cast 
iron  is  not  easily  available  below  the  point  to  which  ''rectified  O.V.' 
is  brought  in  ordinary  work,  recourse  was  formerly  universally  h«^ 
to  apparatus  made  of  glass  or  platinum,  of  which  the  former  have 
the  drawback  of  very  restricted  size  and  great  liability  to  breaking; 
the  latter  that  of  being  very  costly  without  being  proportionately 
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durable.    These  circamstances  make  their  application  both  ex- 
pensive and  troublesome. 

By  far  the  largest  quantity  of  acid  is  used  of  no  higher 
strength  than  is  attainable  in  lead^  mostly  even  rather  weaker.  For 
making  sulphate  of  soda^  the  acid  is  never  taken  stronger  than 
144°  Tw.,  generally  only  140°  Tw.  The  English  manufacturers  as 
a  rule  dilute  their  Glover-tower  acid  down  to  this  point  with 
chamber-acid;  or  they  only  make  as  much  acid  of  152°  in  the 
Glover  tower  as  is  required  for  working  it,  and  they  keep  the 
remaining  acid  weaker  by  running  more  chamber- acid  through  the 
tower.  For  the  manufacture  of  superphosphate  the  acid  is  mostly 
employed  even  in  a  weaker  state  -,  and  this,  along  with  the  sulphate 
of  soda,  swallows  up  most  of  the  total  quantity  of  sulphuric  acid 
made.  In  the  great  majority  of  cases  sulphate-of-soda  and  super- 
phosphate works  make  their  own  sulphuric  acid,  and,  of  course, 
do  not  concentrate  it  beyond  their  own  requirements. 

Touching  the  acid  made  for  sale,  however,  a  circumstance  has  to 
be  considered  here  which  in  many  cases  induces  the  manufacturer 
to  incur  the  great  expense  and  trouble  of  concentrating  the  acid 
as  highly  as  possible,  even  in  cases  where  the  consumer,  not  re- 
quiring it  of  such  strength,  must  himself  dilute  before  using  it. 
This  is  the  greater  expense  of  packages  and  transit  for  the  same 
weight  of  real  acid  in  the  dilute  as  compared  with  the  concentrated 
state.  Apart  from  those  cases  in  which  completely  concentrated 
acid  is  asked  for  on  account  of  the  smaller  cost  of  packages  and 
of  transit,  or  from  old  habit  and  ignorance,  there  are  many  cases 
in  which  the  consumer  is  really  obliged  to  employ  an  acid  of  the 
highest  possible  strength  : — for  instance,  the  purification  of  rape- 
oil  ;  that  of  benzol,  paraffin,  and  other  mineral  oils ;  the  refining 
of  gold  and  silver;  the  production  of  nitro-cellulose,  nitro-glycerine, 
nitro-benzene,  and  other  nitro-compounds ;  that  of  sulphonic 
acids,  for  instance  those  of  benzene  and  anthraquinone  for  the 
manufacture  of  resorcine  and  alizarine ;  for  dissolving  indigo,  and 
many  other  purposes.  In  many  cases  an  acid  containing  from  93 
to  94  per  cent,  of  SO4HS  will  do ,-  and  often  that  which  is  sold  as 
acid  of  170°Tw.  does  not  contain  any  more,  and,  if  pure,  really 
ought  to  show  only  166°  Tw.  (=1*83  sp.  gr.)*.      For  making 

*  Recently  more  correct  hydrometers  have -been  used,  and  the  quotations 
are  no  longer  made  for  acid  of  170°  Tw.  (which  does  not  exist  in  the  pure  state), 
but  168°  Tw. 
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nitro-compounds  especially,  however,  an  acid  of  greater  strength  is 
required,  containing  97  or  98  per  cent,  of  SO4H2 ;  even  this  cannot 
show  more  than  1*840  sp.  gr.  at  (f,  or  168^  hy  a  really  true 
hydrometer,  unless  it  is  very  impure  and  contains  much  foreign 
matters. 

This  '^  extra^oncentrated ''  acid  can  also  he  made  in  platinum 
vessels,  hut  at  the  cost  of  dissolviug  much  more  platinum  than 
ordinary  rectified  oil  of  vitriol.  In  this  way  it  is  possible  to  get 
up  to  98  per  cent.,  or  at  most  98'5  per  cent.  These  high  strengths, 
as  we  shall  see  below,  can  also  be  made  in  cast-iron  vessels,  which 
are  not  suitable  for  concentrating  acids  below  96  per  cent.  For 
some  purposes  an  acid  of  as  nearly  as  possible  100  per  cent.,  that 
is,  monohydrated  sulphuric  acid,  is  required.  This  can  be  made 
by  adding  some  fuming  oil  of  vitriol  to  ordinary  sulphuric  acid ; 
but  it  can  also  be  made  by  freezing,  as  we  shall  see  infra. 

Manufacture  of  ordinary  Rectified  Oil  of  Vitriol. 

It  has  already  been  mentioned  that  usually  Qiiher  glass  or  platinum 
vessels  are  used  for  the  last  concentration  of  sulphuric  acid.    Which 
of  these  two  materials  is  to  be  preferred  to  the  other  has  been  a 
matter  in  dispute  for  a  long  time ;   nor  is  it  settled  yet,  both 
systems  being  largely  employed.     Formerly,  before  the  platinum 
industry  was  developed,  gUiss  retorts  were  the  only  available  appa- 
ratus, and  those  could  only  be  had  of  comparatively  small  size  and 
bad  quality.     They  were  also  mostly  set  in  "  galley-furnaces,''  a 
double  long  row  of  retorts  being  heated  by  a  fireplace  at  one  end; 
thus  the  retorts  near  the  fire  were,  of  course,  much  more  heated 
than  those  more  distant,  and  were  much  sooner  finished,  or  even 
overheated  before  the  distant  retorts  had  been  sufficiently  fired. 
Each  retort  was  either  put  into  a  metal  pot,  with  some  sand 
between,  or  protected  from  the  direct  flame  by  a  covering  of 
clay  and  horse-dung.     Both  owing  to  the  inferior  quality  of  the 
retorts  and  the  unsuitable  setting,  there  was  always  much  breakage, 
combined  not  only  with  the  loss  of  acid,  but  also  with  the  sudden 
evolution  of  su£focating  vapours.     The  cracking  of  the  retorts  was 
especially  induced  by  a  cold  draught  getting  at  them ;  and  since 
in  that  case  the  workmen  had  to  save  themselves  instantly  from 
the  vapours  by  leaving  the  room,  frequently  the  cracking  extended 
to  all  the  retorts.     Besides,  the  expenditure  of  time,  wages,  and 
fuel  in  this  process  waj9  very  great. 
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There  was  always,  therefore,  an  inducement  to  discoyer  some 
other  material  than  glass ;  and  the  only  practicable  metal,  platinum, 
was  at  once  applied,  in  spite  of  its  high  price  and  difficult  manage- 
ment, as  soon  as  Wollaston's  process  of  welding  spongy  platinum 
into  ingots  and  plates  was  made  known.  The  first  platinum  still 
appears  to  have  been  made  in  1809  in  London;  it  weighed 
423  ounces  ('  Chem.  News,'  xxxviii.  p.  43) .  Later  on  platinum 
stills  weighing  from  66  lb.  to  a  cwt.  were  made,  holding  4  to 
6  tons  of  vitriol,  and  costing  from  dei600  to  £2000.  This  large 
8nm  did  not  deter  manufacturers  from  using  platinum  for  the  last 
concentration  of  sulphuric  acid,  because  they  convinced  them- 
selves at  once  of  the  large  amount,  facility,  and  safety  of  the  work 
of  concentration  that  could  be  carried  on  in  them,  and  because 
they  thought  (although  erroneously)  they  could  reckon  upon  such 
apparatus  lasting  almost  for  ever. 

The  platinum  vessels  made  by  WoUaston's  process  were 
often  porous  and  unsound,  so  that  acid  oozed  through ;  besides, 
blisters  and  rents  frequently  appeared  in  them,  which  had  to  be 
soldered  up  with  gold.  The  platinum  stills  themselves,  therefore, 
gave  much  dissatisfaction.  This,  however,  has  been  greatly  dimi- 
nished since  Ste.-Claire  DeviUe  taught  the  melting  of  platinum  in 
lai^e  masses  by  an  oxygen-gas  blowpipe  in  furnaces  made  of 
quicklime,  casting  perfectly  sound  ingots  of  it  weighing  2  cwt., 
and,  further,  to  solder  the  joints  with  platinum  itself  instead  of 
gold,  analogous  to  the  burning  of  the  lead  chambers.  In  London 
this  process  was  first  applied  in  1860.  Since  then  the  stills  have 
been  much  more  durable  and  at  the  same  time  cheaper,  although 
the  unavoidable  concentration  of  the  platinum-industry  in  very 
few  hands  still  tends  to  keep  the  price  of  platinum  apparatus  at  a 
very  high  figure. 

When,  however,  attention  was  drawn  to  the  fact  that  platinum 
itself  is  gradually  acted  upon  by  sulphuric  acid  (see  below),  and 
that  thus  the  large  capital  expended  on  the  stills  not  only  involved 
heavy  permanent  charges  for  interest,  but  would  have  to  be  gradu- 
ally written  off  altogether,  and  when,  on  the  other  hand,  great 
improvements  were  effected  in  the  manufacture  and  treatment  of 
glass  retorts,  the  latter  came  to  the  fore  again,  and  began  to  driire 
platinum  vessels  out  of  the  field,  more  especially  in  England.  In 
1862  Hofmann  mentioned,  in  the  '  Report  of  the  Jury,'  that  in 
Lancashire  the  use  of  platinum  retorts  had  almost  ceased ;  at  that 
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time  about  -^j^  of  all  the  vitriol  in  England  was  concentrated  in 
glass.  In  France  and  Belgium  glass  retorts  existed  along  with 
platinum ;  but  the  latter  held  a  wider  ground ;  and  in  Germany  it 
was  almost  exclusively  used.  In  1868^  the  '  OflBcial  Report  of  the 
International  Jury/  vii.  p.  34^  stated  that  concentration  in  glass 
was  then  very  rare  (in  France). 

In  order  to  meet  the  competition  of  glass,  the  platinum- works 
made  efforts  to  construct  the  stills  more  durable  and  more  cheaply  ; 
and  they  have  indeed  recovered  a  portion  of  the  field  previously 
lost.  Later  on  they  were  urged  to  renewed  efforts  in  this  line 
by  the  combination  of  platinum  and  lead  employed  by  Faure  and 
Kessler,  which  has  again  receded  into  the  background;  and 
eventually  the  introduction  of  gold-lined  platinum  has  greatly 
advanced  the  use  of  these  vessels. 

At  the  present  time  the  matter  stands  thus  : — Both  glass  retorts 
and  platinum  stills  are  in  use^  some  of  the  latter  made  according  to 
the  old  and  others  according  to  the  new  system.  The  glass  retorts 
are  mostly  used  for  the  rather  less  concentrated  acid^  containing  92 
to  93  per  cent.,  the  platinum  stills  for  the  more  concentrated  acid, 
93  to  96  per  cent. ;  in  a  few  cases  both  are  employed  at  the  same 
works  for  these  different  objects.  The  glass  retorts,  however,  are 
almost  entirely  confined  to  England,  and  in  Lancashire  are  almost 
exclusively  used;  on  the  Continent,  platinum  or  platinum-gold 
vessels  are  used  nearly  everywhere  but  in  a  few  places  excep- 
tionally well  situated  for  obtaining  glass  retorts — for  instance, 
Montpellier,  where,  according  to  Payen,  a  retort  of  18  gallons 
capacity  only  cost  1*6  franc,  whilst  at  Paris  and  most  other  indus- 
trial centres  the  price  is  6  francs.  Since  such  a  retort  holds  a  little 
over  1^  cwt.  of  strong  acid,  and  on  an  average  can  be  used  five 
times,  furnishing  altogether  8  cwt.  of  vitriol,  the  retorts  for  1  ton 
of  acid  at  Montpellier  cost  6  francs,  at  Paris  &c.  15  francs.  In 
America  both  glass  and  platinum  apparatus  are  used. 

If  the  enormous  rise  in  the  value  of  platinum  which  has  taken 
place  since  1890  shotdd  prove  to  be  permanent,  the  use  of  glass 
retorts,  and  also  those  of  porcelain,  cast  iron,  and  the  concen- 
tration by  hot  air  Sec.  (see  below)  ^  will  receive  a  fresh  stimulus. 

Concentration  in  Glass  Retorts, 
The  shape  of  glass  retorts  now  in  use  for  concentrating  oil  of 
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vitriol  waa  introduced  by  Chance  Brothers,  of  Oldbury,  near 
Birmingham,  who  make  them  at  their  glass-works  at  9methwick. 
They  are  shown  in  fig.  358  (this,  together  with  figs.  359  &  360, 
is  taken  from  Roscoe&Schorlemmer's' Chemistry').  These  retorts 
consist  of  two  separate  parts,  viz.  a  large  bottle  a,  with  a  neck  at 
the  top,  into  which  fits  a  loose  head  c,  whose  other  end  enters  an 
aperture  in  a  lead  pipe  or  tunnel  k  running  all  along  the  retort- 
house,  and  ultimately  connected  with  a  chimney.     The  bottles  a 

Fig.  360. 


are  blown  of  thin  glass,  as  evenly  as  possible,  about  3  feet  high 
from  the  bottom  to  the  top  of  the  neck  and  1  foot  9  inches  dia- 
meter. They  rest  on  a  fiat  metal  sand-bath  6,  and  are  protected 
from  direct  contact  with  the  flame  by  the  round  fire-clay  slab  /. 
In  the  pipe  k,  which  conveys  the  condensed  acid  vapours  to  a 
collecting-tank,  there  is  always  some  suction  produced  by  the 
chimney  draught  at  the  other  end ;  therefore  the  bead  c  needs  no 
cement  to  connect  it  with  the  bottle,  as  no  vapours  can  get  out, 
only  air  being  able  to  enter.     This  is  very  important,  as  the  head  c 
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has  to  be  taken  off  and  pat  oa  every  day.     The  above-mentioned 
suction  haa  also  this  effect,  that  retorts  may  be  at  work  with  cracks 


in  their  upper  parts,  provided  such  cracks  do  not  reach  down  to 
the  level  of  the  acid  in  the  bottle. 
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A  number  of  retorts  are  always  grouped  together,  as  seen  in 
fig.  360,  where  AAA  are  boiling-down  pans,  from  which  the 
main  pipe  B  takes  away  the  hot  acid  of  144°  Tw.  On  this  pipe 
are  fixed  long  thin  lead  pipes  dd  (fig.  359)^  which  are  bent  down  at 
will,  in  order  to  fill  the  single  retorts,  i  i  are  cooling-pots  for  the 
strong  acid  drawn  off,  from  which  the  carboys  are  filled.  The  floor 
is  made  a  little  sloping,  so  that  in  the  case  of  a  retort  breaking 
the  acid  runs  into  the  gutter  e,  and  from  this  through  pipe  g  into 
cistern  A. 

An  accurate  plan  (to  scale)  of  a  retort-setting  is  given  in 
figs.  361  &  362 ;  this  will  be  intelligible  without  further  explana- 
tion. 

The  retorts  (in  number  from  20  to  50)  are  placed  in  a  separate 
house,  the  temperature  of  which  is  kept  constantly  at  from  25°  to 
30°  C,  it  being  provided  with  tight-fitting  windows  and  double 
doors ;  only  one  door  is  opened  at  a  time,  the  other  being  shut,  so 
that  no  draught  (the  chief  cause  of  the  bottles  cracking)  can 
enter.  A  retort-house  with  24  retorts  can  turn  out  about  5  tons 
per  diem. 

The  work  is  carried  on  in  this  way  : — The  distillation  goes  on  all 
day  long,  and  is  finished  in  the  evening.  During  the  night  the 
acid  cools  down  to  some  extent ;  in  the  morning  the  retort-heads 
are  taken  off  and  the  acid  is  drawn  off  by  siphons  of  platinum  or 
thin  lead  tubing  with  a  very  narrow  orifice.  The  siphon  is  filled 
with  cold  acid,  the  narrow  opening  closed  with  the  finger ;  the 
siphon  is  then  put  in  quickly,  and  the  finger  at  once  washed  with 
water.  Sometimes  the  acid  is  thus  drawn  directly  into  glass 
carboys,  but  it  is  better  to  employ  a  series  of  cooling  pots,  as 
shown  in  figs.  359  &  360.  A  small  portion  of  the  acid  is  neces- 
sarily left  in  the  retorts,  and  this  is  useful  in  refilling  them  with 
warm  acid  of  144°  Tw.,  as  it  prevents  cracking. 

In  order  to  prevent  the  cracking  of  the  retorts  by  sudden 
draughts,  Jones  patented,  in  1845,  so-called  "  protectors,^'  consist- 
ing of  hoods  of  sheet-iron  or  stoneware,  made  in  two  parts,  quite 
covering  the  neck  of  the  retort.  But  as  this  also  prevents  obser- 
vation of  the  liquid,  they  are  inconvenient ;  and  they  are  quite 
unnecessary  if  the  house  is  arranged  as  described  above — ^that  is 
to  say,  if  it  is  kept  warm,  and  draughts  are  excluded  by  double 
doors. 
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The  sulphuric-acid  vapours  formed  in  the  rectifying  process  in 
glass  retorts  should  in  no  case  be  allowed  to  get  into  the  chimney. 
They  are  partly  condensed  in  the  conducting-pipe  itself;  after 
issuing  from  this^  they  should  pass  through  a  small  coke  con- 
denser, flushed  with  water,  before  entering  the  chimney,  to  wash 
out  all  the  acid.  The  21st  Alkali  Report,  p.  45,  describes  the 
following  arrangement : — ^The  necks  of  the  retorts  pass  into  a  lead 
trunks  set  on  a  levels  whose  bottom  is  dished  with  an  upstand  of 
three  inches,  not  burnt  to  the  sides.  A  small  stream  of  wa^er  is 
set  running,  when  the  glasses  start  boiling,  at  the  end  of  the  trunk 
nearest  the  condenser,  and  the  water  travels  in  a  contrary  direction 
to  the  vapours ;  at  the  further  end  it  runs  out  at  a  lip  as  acid  of 
100^  Tw.  This  plan  is  very  effective,  and  only  a  small  scrubber 
is  required  to  arrest  all  the  fog  of  acid  vapour  escaping  from  the 
trunk. 

Fehrmann  (Fischer's  Jahresb.  1886,  p.  263)  describes  the  glass 
concentrating-plant  at  Miilheim  on  the  Rhine.  The  retorts  have 
a  similar  shape  to  those  used  in  England;  they  are  made  at 
Glasgow  and  cost  at  Miilheim  about  3Ss.  each.  There  are  32  in 
a  row,  holding  6  cwt.  each.  Each  retort  is  placed  in  an  iron 
sand-bath  to  within  4  inches  of  the  neck,  and  is  heated  by  a 
separate  fire  ;  a  6-inch  sheet-iron  partition  prevents  any  splashing 
over  from  the  neighbouring  retorts  in  cases  of  cracking.  Before 
putting  the  arm  (head)  on  to  the  neck  of  the  retort  3  or  4  small 
leaden  washers  are  put  in  which  prevent  the  contact  between  glass 
and  glass.  The  charging  takes  place  by  means  of  a  leaden  main, 
connected  with  a  higher  pan,  in  which  chamber-acid  is  concen- 
trated to  142^  Tw. ;  from  this  main  a  thin  lead  tube  branches  off 
in  front  of  each  retort,  which  is  lowered  for  the  purpose  of  charging. 
The  charging  takes  half  an  hour  for  32  retorts.  The  emptying  is 
effected  by  means  of  glass  siphons,  set  going  by  an  air-pump.  The 
vapours  formed  during  the  process  are  carried  away  by  an  8-inch 
pipe  running  along  the  retorts ;  this  is  connected  with  large  lead 
cylinders,  filled  with  coke  and  cooled  from  without,  where  the  dis- 
tilling acid  is  condensed,  and  from  these  a  connection  is  made  to 
a  chimney.  All  the  fireplaces  are  accessible  from  the  outside  of 
the  building ;  in  front  of  each  retort  there  is  a  small  glass  window 
which  allows  of  observing  the  boiling,  and  thereby  regulating  the 
fire.     It  takes  1  or  2  hours  before  the  acid  begins  to  boil,  and 
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the  whole  concentration  lasts  8  to  10  hours ;  the  sign  of  the  end 
is  when  the  acid  has  been  completely  decolourized. 

The  construction  and  working  of  the  plant  at  the  Miilheim 
works  have  been  very  minutely  described  by  Liity  (Zsch.  f .  angew. 
Chem.  1892,  p.  885).  This  communication  would  be  very 
important  and  interesting  if  the  intermittent  plan  were  not  now 
universally  recognized  as  far  too  expensive,  and  therefore  anti- 
quated ;  I  must  therefore  refer  those  still  interested  in  it  to  the 
original  or  to  the  translation  in  Joum.  Soc.  Chem.  Ind.  1893, 
p.  153.  The  plant  described  by  Liity  (erected  by  an  English 
chemist)  seems  to  have  been  even  less  economical  than  some 
others,  and  is  a  warning  example  against  the  whole  system. 

In  England  formerly  all  sulphuric-acid  retorts  were  made  of 
flint  glass,  containing  upwards  of  40  per  cent,  lead  oxide,  because 
this  was  supposed  to  stand  better,  which  may  possibly  have  been 
caused  merely  by  the  fact  that  the  retorts  were  not  made  to  do  so 
much  work  as  in  recent  times.  On  the  Continent  such  retorts 
were  always  made  of  ordinary  soda- lime  glass  (crown  glass),  and 
this  seems  to  be  used  in  England  as  well  now. 

A  great  improvement  on  the  old  plan  of  intermittent  concen- 
tration in  glass  retorts  is  the  continuou$ly  acting  plan  of  Gridley^ 
patented  as  a  communication  by  Mr.  Henry  Chance  (No.  1243, 
1871).  Several  retorts  are  placed  terrace- wise  in  an  obliquely 
ascending  furnace  and  are  connected  by  siphons,  so  that  the  top 
retort  is  fed  by  fresh  acid,  which,  after  being  concentrated  to  some 
extent,  flows  into  the  next  lower  retort,  and  so  on.  The  lowest 
retort  is  in  the  hottest  part  of  the  furnace.  A  retort  is  shown 
in  detail  in  fig.  363.  a  is  the  head,  connected  with  a  draught- 
pipe  common  to  all  the  retorts,  by  which  the  vapours  are  conveyed 
into  a  small  leaden  coke-tower  and  condensed  by  water.  At  b 
there  is  an  opening  in  the  shoulder  of  the  retort ;  into  this  the 
funnel  passes  by  which  the  acid  enters  the  retort ;  d  shows  the 
level  of  the  acid ;  e  is  the  tubule  attached  to  the  retort,  by  which 
the  acid  leaves  it ;  and  //  show  the  glass  connectors  which 
convey  the  acid  from  one  retort  to  another.  The  retorts  are 
set  in  sand  in  shallow  iron  pots,  g.  Four  beds  of  retorts, 
i.  e,  sixteen  retorts,  will  produce,  from  6  a.m.  on  Monday  till 
12  noon  on  Saturday,  600  carboys,  equal  to  46  tons ;  the  labour 
required  consists  of  two  retort-men  (day  and  night  turns)  and  two 
labourers.    The  average  consumption  of  coal  is  28  lb.  per  carboy 
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of  175  lb.  (=16  per  cent.)-  This  process  is  in  very  successful 
operation  in  several  Titriol-works  ia  the  United  States,  and  has 
also  been  adopted  hy  some  manufacturers  in  England. 

I  owe  some  important  communi- 
cations concerning  improvements  Fig.  303. 
in  the  Giidley  process  to  the  kind- 
ness of  Messrs.  Chance  Brothers, 
of  the  Oldbnry  chemical  works, 
and  of  their  managerj  Mr.  H.  C.  D. 
France.  (Part  of  the  following 
is  taken  from  Dr.  Ballard's  Re- 
port, pp.  173  &182.)  Theprocess 
has  been  improved  at  the  above- 
mentioned  works  by  using  ordinary 
coal-gas  as  a  heating  agent,  burnt 
in  a  Bunsen  burner  underneath 
each  retort.  This  has  largely  in- 
creased the  output  and  decreased 

the  labour  and  breakage.  The  breakage  during  a  period  of  two  years 
has  only  cost  Zd.  per  ton  of  acid  rectified,  and  the  labour  has 
been  Is.  \0d.;  but  this  item  could  easily  be  lessened,  as  the  same 
men  could  look  after  plant  turning  out  twice  as  much.  The  gas 
consumed  (made  at  the  works  themselves),  with  all  leakages  and 
defects,  has  been  3500  cubic  feet  per  ton  of  acid  of  sp,  gr.  X'84. 
(The  present  consumption  of  gas  is  probably  even  less  than  that 
here  stated.) 

Figs.  Sdi  to  366  show  the  way  in  which  the  four  retorts  are 
combined  in  a  set,  which  is  fired  from  a  common  gas-pipe. 

The  retorts  are  first  fired  till  all  the  acid  in  each  of  them  has 
attained  full  strength ;  then  fresh  acid  of  144°  Tw.  is  run  into  the  ■ 
top  retort,  whereupon  the  connecting  overflow-pipes  begin  to  work 
and  the  acid  runs  from  each  retort  into  the  next  lower  one,  and 
from  the  lowest  into  a  cooler,  from  which  it  can  be  filled  into 
carboys.     This  process  goes  on  day  and  night. 

A  great  advantage  of  the  Gridley- Chance  plan  is  this,  that  it  ■ 
requires  no  retort-house  kept  at  the  temperature  of  a  Turkish 
bath,  like  the  old  plan.  It  is  only  necessary  to  enclose  the  four 
retorts  themselves  in  a  glass  case,  similar  to  the  vapour  hoods  to 
he  found  in  every  large  chemical  laboratory,  in  order  to  protect 
the  retorts  agaijist  draughts.     The  glass  case  is  connected  by  a 
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pipe  with  a  small  leaden  coke-tower^  which  communicates  with 
the  chimney;  any  acid  vapours  escaping  from  the  retorts  are 
condensed  here. 

The  Gridley  plant,  as  arranged  at  Chance  Brothers,  is  so  efficient 
that  with  ordinary  care  breakages  of  retorts  hardly  ever  occur. 
But  in  order  to  provide  against  this  contigency,  the  bottom  of 
each  fireplace  communicates  by  a  pipe  with  an  underground  tank ; 
in  case  of  a  retort  breaking  the  acid  would  flow  into  this  tank. 

The  strength  of  acid  attainable  by  this  (or  any  similar  con- 
tinuous) process  does  not  exceed  92,  or  at  most  93  per  cent., 
which  must  not  be  overlooked  in  comparing  the  cost  of  concen- 
tration with  different  kinds  of  apparatus. 

The  cooler  for  this  process  is  constructed  in  such  a  manner  that 
the  hot  acid  first  flows  through  a  platinum  tube,  in  which  it 
already  loses  a  good  deal  of  its  heat,  and  then  into  a  leaden  box 
with  double  walls  and  external  and  internal  water-cooling.  The 
acid  issues  perfectly  limpid,  about  60°  C.  warm  and  168°  Tw. 
strong.  (Of  course  any  of  the  cooling-apparatus  connected  with 
platinum  stills,  as  described  further  on,  might  be  employed  here.) 

An  apparatus  altogether  similar  to  Gridley's,  in  which,  however, 
the  glass  bottles  are  replaced  by  porcelain  dishes  with  glass  heads, 
has  been  patented  by  J.  Hughes  (Amer.  pat.  339,552).  Bowen 
(E.  P.  2035, 1883)  has  patented  an  apparatus  on  the  same  principle, 
with  the  addition  that  the  vapours  from  each  lower  retort  pass  into 
the  next  higher  one,  so  that  very  little  sulphuric-acid  vapour  leaves 
the  last  retort.  [Rational  as  this  seems  at  the  first  glance,  it  is 
still  very  doubtful  whether  in  this  way  the  concentration  will  not 
be  interfered  with  too  much.] 

Veitch  (E.  P.  7901,  1889)  employs  flat-bottomed  retorts,  ar- 
ranged  one  above  another  on  a  stepped  terrace  within  a  tapering 
fire-flue  common  to  them  all,  the  fire  being  placed  at  the  lowest 
and  widest  end,  and  the  flue  narrowing  upwards.  The  acid 
passes  in  a  constant  stream,  travelling  through  the  whole  series. 
All  the  retorts  can  be  easily  seen. 

Penniman  (Amer.  pat.  469,439)  employs  in  a  set  of  retorts 
arranged  stepwise  a  current  of  air,  which  keeps  the  acid  continually 
agitated,  and  so  prevents  their  breaking. 

Retorts  having  the  lower  half  composed  of  glass  and  the  hood  of 
any  suitable  material  are  described  by  Schofield  (Engl.  pat.  19,780, 
1891). 

As  to  the  cost  of  concentrating  in  glass,  the  labour  is,  of  course. 
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greater  than  in  platinum  stills^  and  it  is  also  of  a  disagreeable  kind. 
The  consumption  of  fuel  is  sometimes  absurdly  stated  to  amount 
to  eight  times  the  consumption  with  platinum  stills ;  in  direct 
contrast  is  the  following  statement  by  P.  W.  Hofmann,  referring 
to  the  cost  of  concentration  at  Dienze,  where  2^  tons  of  concen- 
trated acid  were  daily  made  in  glass  retorts,  viz.  for  I  ton  : — 

s.     d. 
4cwt.  ofcoals 4     0 

Wages 3     0 

.  Breakage  of  carboys   1     0 

8    0 

If  the  precaution  be  taken  of  replacing  all  the  carboys  by  new 
ones  after  the  lapse  of  six  weeks,  whether  they  seem  damaged  or 
not,  there  is  next  to  no  breakage,  and  the  cost  of  concentration 
is  reduced  to  7s,  6rf.  per  ton  (Hofmann^s  OfScial  Report,  1875,. 
vol.  i.  p.  188).  With  this  should  be  compared  the  very  much 
higher  cost  for  wear  and  tear  of  the  platinum  stills  (to  be  given 
below),  and^  on  the  other  hand,  the  much  higher  statement  by 
Payen  concerning  the  breakage,  which,  however,  refers  to  the  im- 
perfect retorts  of  former  times.  Payen  states  that  at  Tennant's 
works  at  Glasgow  only  seven  retorts,  on  an  average,  break  per 
annum.  These  retorts  are  made  (by  Perceval,  Vickers,  and  Co., 
of  Manchester)  from  green  soda-glass,  as  even  in  thickness  as  pos- 
sible, blown  with  special  care,  and  cooled  very  slowly  ;  their  weight 
is  about  60  lb.  each,  and  they  cost  Is.  4rf.  per  lb. 

Another  statement  concerning  the  cost  of  concentrating  in  glasa 
retorts  is  made  in  the  '  Mineral  Resources  of  the  United  States  ^ 
for  1886,  p.  673,  as  emanating  from  a  large  English  works  where 
acid  of  60°  Baum^,  coming  from  the  Glover  tower  [?],is  concen- 
trated to  66°  Baume  (8  tons  per  day)  : — 
^  £  s.     d. 

1  tonofcoal    0  16     0 

Wages  and  Superintendence  2    0     0 

Breakage  of  retorts 0     8     0 

Wear  and  tear  of  other  materials  and  interest 
on  plant  (estimated  to  cost  £200,  at  50  per 
cent,  per  annum) 0    6    0 

Cost  of  concentrating  8  tons  3  10    0 

Cost  of  concentrating  1  ton    8     9 
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[This  estimate  is  evidently  utterly  unreliable.  The  amount  of 
coal  is  absurdly  low,  the  breakage  of  retorts  excessively  high. 
We  refrain  from  quoting  the  comparative  cost  of  concentration 
in  a  Faure  and  Kessler  still  given  in  the  same  place^  as  equally 
misleading.] 

The  cost  of  concentrating  in  a  Gridley^s  apparatus  is,  of  course, 
considerably  lower  than  in  ordinary  retorts,  as  there  is  less 
consumption  of  fuel,  less  labour,  and  next  to  no  breakage  of 
retorts. 

According  to  a  very  interesting  comparative  survey  by  Tate 
(Journ.  Soc.  Chem.  Ind.  1894,  p.  208),  to  which  we  shall  have 
again  to  refer,  the  cost  of  a  battery  of  glass  retorts  on  the  old 
system,  for  making  10  tons  in  24  hours,  ranges  from  £800  to 
£1000,  inclusive  of  condensing-apparatus.  The  cost  of  concen- 
trating from  spec.  grav.  1*76  to  1'838  varies  very  much;  but  the 
fuel  averages  13  to  14  cwt.  and  the  wages  4«.  6d.  per  ton  of  strong 
acid.  The  breakage  varies  extremely  at  different  places.  With 
the  Gridley-Chance  system  the  cost  of  two  sets  of  four  retorts 
each,  for  making  23  to  25  tons  acid  per  week,  is  £200,  and  £100 
for  the  building.  The  cost  of  labour  is  only  from  2s.  and  Ss.  per 
ton  of  strong  acid  ;  of  coal  only  two-thirds  of  the  quantity  required 
by  the  old  system  is  necessary,  say  10  to  12  cwt.  per  ton.  [This 
does  not  agree  with  the  above  statement,  and  later  on  only  5  cwt. 
is  spoken  of.]  The  breakage  is  only  about  one  retort  to  180 
or  200  tons  of  acid,  or  say.  Is.  per  ton  (a  retort  costs  25«. ; 
in  discussing  the  paper  it  was  mentioned  that  the  breakage  is 
frequently  much  higher) .  Extra-concentrated  acid  is  more  e^isily 
made  in  glass  than  in  platinum  retorts.  Acid  contaminated  by 
suspended  or  dissolved  impurities  is  not  easily  concentrated  by 
this  system,  as  it  causes  much  breakage. 


Concentration  in  Porcelain  Dishes  or  Beakers, 

Messieurs  Ch.  N^grier  et  Cie.,  at  Perigueux,  have  constructed  a 
furnace  for  evaporating  sulphuric  acid  from  50^  to  65^^  B.  (say,  from 
106°  to  167°  Tw.)  in  porcelain  capsules  (E.  P.  14,022,  of  1890)  *. 

*  This  plan  has  been  forestalled  by  an  American  patent  of  W..  H.  Adams,  in 
1887  (Scheurer-Eestner,  Bull.  Soc.  Ind.  Mulhoose,  1892,  p.  317). 
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Their  apparatus  is  shown  in  fig.  292^  facing  page  693  of  our 
second  edition;  (It  is  omitted  here  as  being  superseded  by  Banker's 
pans^  to  be  shown  later  on.)  It  consists  of  two  parallel  ranges  of 
8  porcelain  capsules^  each  placed  one  above  the  other,  so  that  the 
acid  overflowing  from  the  lip  of  each  upper  pan  flows  into  the 
lower  one.  The  capsules  are  semicircular^  0*305  metre  wide  and 
0135  metre  deep.  Each  two  dishes  placed  on  the  same  level 
are  contained  in  suitable  pans^  forming  cavities  of  a  single  cast- 
iron  plate^  reaching  from  one  side  of  the  furnace  to  the  other. 
Asbestos  tissue  is  interposed  between  the  capsules  and  the  metal 
pans^  in  order  to  protect  the  capsules  and  prevent  bumping,  which 
is  further  lessened  by  putting  fragments  of  porcelain  inside  the 
capsules.  In  the  case  of  a  capsule  breaking  (which  happens  but 
rarely)  its  contents  can  escape  into  the  fireplace  through  several 
holes  left  in  the  metal  pans ;  when  this  is  perceived  the  feed  of  acid 
is  stopped,  the  cover  is  lifted,  and  the  broken  dish  is  replaced  by  a 
fresh  one  in  ten  minutes.  An  iron  plate  with  its  two  dishes  lasts 
three  or  four  years.  They  are  shaped  in  such  a  manner  that  there 
is  no  communication  between  the  space  below,  destined  for  the 
fire-gases,  and  the  space  above,  where  the  acid  vapours  are  formed, 
the  joints  being  made  good  with  a  cement  of  asbestos  and  silicate 
of  soda.  When  the  capsules  have  been  placed  in  the  pans,  a  layer 
of  coarse  sand  is  put  into  the  space  between  them  up  to  the  edge 
of  the  capsules.  Each  pan  has  two  shoulders,  destined  to  prevent 
the  dilatation  caused  by  heat  bringing  it  into  contact  with  the 
next  higher  capsule.  The  brickwork  above  the  level  of  the  capsules 
is  made  of  silica  bricks  ;  the  top  cover  is  made  of  cast-iron  or 
glass.  The  add  gases  are  aspirated  by  a  jet  of  water,  or  in  other 
suitable  manner,  and  are  condensed  or  not.  The  heat  of  the  fire- 
gases  issuing  from  the  apparatus  is  used  for  bringing  up  acid  from 
50^  to  60°  B.  in  a  similar  apparatus  or  in  lead  pans. 

One  such  apparatus  is  stated  by  the  inventor  to  produce  from 
18  to  20  cwt.  concentrated  O.V.  from  acid  of  60°  B.  (142°  Tw.), 
with  an  expenditure  of  about  13  per  cent,  of  coals  of  somewhat 
inferior  quality.  According  to  further  information  received  from 
the  inventors,  they  bring  their  acid  from  53°  to  65°'5  B.  with  21 
per  cent,  of  the  same  coal ;  the  cost  of  an  apparatus  is  about  i£20^ 
all  told. 

This  system  is  minutely  described  by  Kretzschmar  in  Chem. 
Zeit.  1892,  p.  418.    The  gases  from  a  set  of  four  furnaces  pass 
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uBdemeath  three  sets  of  leads  pans,  where  they  concentrate  the 
acid  up  to  134°  to  142°  Tw.,  and  heat  them  to  145°  or  149°  C. 
Each  furnace  produces  25  cwt.  of  acid  of  93  per  cent,  daily,  with 
an  expenditure  of  28*5  per  cent,  of  rather  low-grade  English  coal. 
The  breakage  of  dishes  per  month  was  at  first  5^  out  of  a  total 
of  64^  costing  4«.  each  ;  but  this  was  greatly  lessened  when  the 
cast-iron  bed-plates  were  replaced  by  fire-clay  slabs.  The  acid 
vapours  from  each  set  of  two  furnaces  pass  into  a  lead  condenser^ 
then  into  a  cooling-worm,  and  eventually  into  an  upright  pipe,  in 
which  the  necessary  draught  is  produced  by  a  jet  of  compressed 
air.  The  Negrier  apparatus  has  the  advantage  of  allowing  the 
use  of  impure  and  nitrous  acid,  but  it  requires  much  more  space, 
labour,  and  coal  than  platinum  stills. 

The  N^rier  apparatus  had  been  erected  at  the  Bhenania  works, 
Stolberg,  but  was  given  up  as  causing  too  much  expense  for  fuel 
and  breakage  of  dishes  and  performing  too  little  work. 

F.  Benker  has  erected  in  France  a  number  of  apparatus  con- 
centrating sulphuric  acid  in  porcelain  capsules,  covered  with  a 
special  protecting  cement  and  heated  by  several  small  fires.  The 
whole  is  enclosed  in  a  chamber  built  of  Volvic  lava,  and  the 
capsules  very  rarely  break.  According  to  a  direct  communication 
from  the  inventor  (1902)  he  has  built  many  such  apparatus  with 
20  capsules  during  the  last  ten  years,  which  have  given  exceUent 
results.  At  a  Spanish  works  the  consumption  of  coke  has  been 
lowered  to  9  parts  for  100  acid  of  92  or  93  p.  c.  This  acid  is  much 
purer  than  that  made  in  platinum,  and  perfectly  clear.  It  can  be 
brought  up  to  97  or  98  p.  c,  in  order  to  deposit  all  iron  salts ; 
at  a  French  'factory  such  acid  (made  from  Sain-Bel  pyrites)  is 
diluted  with  distilled  water  and  sold  for  use  in  storage-batteries. 
Benker's  system  is  shown  in  figs.  367  and  368.  The  capsules  are 
all  placed  on  fire-clay  rests  and  are  cemented  in  these  with  asbestos 
and  water-glass,  so  that  the  fire-gases  are  altogether  separated 
from  the  acid  fumes.  They  are  cleaned  out  once  every  6  or  8 
weeks,  and  exchanged  after  6  or  8  months.  By  special  pre- 
cautions in  manufacturing,  they  are  now  made  practically  unbreak- 
able, but  in  case  of  an  accident  they  can  be  exchanged  with  a 
stoppage  of  only  2  or  3  hours.  The  acid  fumes  are  condensed  in 
lead-lined  boxes  filled  with  bits  of  stoneware  of  the  size  of  a  pea. 
The  last  capsules  are  not  directly  heated ;  this  is  very  important  for 
making  98  p.  c.  acid,  since  there  is  too  much  dissociation  of  HsS04 
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if  the  acid  boils  too  strongly.  There  is  very  little  distilling  acid^ 
and  this  is  only  4°  to  8°  B.  strong,  which  makes  the  system  very 
economical.  The  apparatus  consists  of  two  sets  of  20  capsules  eaclii 
and  furnishes  per  day  4^  tons  ordinary  acid  of  66°  B.  or  3  tons  4  cwt. 
to  3  tons  8  cwt.  of  extra  concentrated  acid  (97-98  p.  c.) ;  the  former 
with  a  consumption  of  12-15  p.  c,  the  latter  with  18-20  p.  c.  fuel 
(coke^  or  a  mixture  of  coke  and  coal).  The  cost  of  the  apparatus 
is  about  £400^  inclusive  of  the  previous  concentration  to  60P  B. 
in  lead  pans.  The  latter  are  provided  with  a  special  fireplace 
which  is  used  for  the  start,  but  is  unnecessary  afterwards,  as  the 
waste  heat  of  the  other  fires  is  more  than  sufficient  for  heating  the 
lead  pans.  The  bottom  capsules  rest  on  fire-clay  supports,  the  top 
capsules  on  cast-iron  ones.  The  capsules  are  covered  with  a  thin 
layer  of  fire-proof  and  acid-proof  cement^  which  can  also  be  used 
for  mending  any  broken  capsules.  Such  breakages  very  seldom 
occur ;  a  new  capsule  costs  about  5s,  (comp.  also  Pierron,  Monit. 
Scient.  1900,  p.  366). 

Similar  in  principle  are  the  beaker-apparatus  of  Webb,  Levinstein, 
and  others.    WebVs  English  patents  are  Nos.  2343,  17,407,  and 
18,891,  all  of  1891.     As  figs.  369  and  370  (p.  853)  show,  his  appa- 
ratus  consists  of  14  or  16  glass  (or  porcelain)  beakers.  A,  A,  arranged 
one  above  the  other,  about  11  in.  wide  and  21  in.  high,  with  over- 
flow  lips  communicating  with  movable  tapering  glass  pipes  placed 
in  a  slanting  position  in  the  next  lower  beaker,  so  that  the  acid 
flows  from  each  beaker  on  to  the  bottom  of  the  next,  and  from  the 
last  of  these  through  a  cooler  into  the  vessels  where  it  is  to  be 
stored.    According  to  WebVs  patent  No.  2343,  1891,  a  series  of 
glass  vessels  are  placed  on  slabs,  arranged  in  steps,  in  a  heating- 
chamber  ;  the  vessels  are  enclosed  near  their  upper  edges  in  iron 
plates  or  slabs,  corresponding  to  the  bottom.     In  each  of  these 
vessels  is  placed  at  an  angle  a  loose  tapered  glass  tube,  reaching 
from  the  spout  of  one  vessel  to  the  bottom  of  the  next  lower 
vessel,  where  it  is  provided  on  its  side  with  an  outlet-slit.     The 
fire-gases   pass  first  into  combustion-chambers  on   one   side  of 
the  heating-chamber,  and  from  thence  into  the  space  left  round 
the  glass  vessels.     The  weak  liquor  is  fed  into  the  tube  of  the 
uppermost  vessel  and  displaces  a  certain  amount  of  acid,  which 
will  overflow  into  the  tube  of  the  next  vessel,  &c.,  thus  causing  a 
thorough  interchange  in  the  liquor  to  be  evaporated.     The  concen- 
trated acid  is  delivered  from  the  last  vessel  of  the  series. 
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Much  stress  is  laid  on  the  fact  that  the  acid  always  flows  on  to 
the  bottom  of  the  next  lower  beaker^  where  it  forces  the  already 
concentrated  acid  upwards  and  is  well  mixed  with  it. 

According  to  the  inventor,  the  cost  of  an  apparatus  of  14  glasses^ 
apart  from  patent  royalty,  is  from  £60  to  £100.  Usually  two 
sets  are  built  together.  14  glasses  produce  per  hour  a  carboy  of 
acid  of  spec.  grav.  1*838  from  acid  of  1'74,  with  consumption  of 
less  than  ^  cwt.  of  coke.  One  man  can  attend  to  4  sets  of 
14  glasses  each,  in  which  case  the  cost  of  labour  is  only  2d.  per 
carboy.  Each  set  makes  5  or  6  tons  of  strong  acid  per  week  from 
acid  of  1'60,  or  11  to  12  tons  from  acid  of  1*74. 

According  to  actual  observation,  at  first  the  breakage  was  very 
considerable,  in  fact  intolerable,  so  long  as  all  beakers  were  made 
of  glass.  Very  soon  the  three  bottom  beakers  of  each  set  were 
replaced  by  porcelain  vessels,  by  which  the  breakage  was  greatly 
reduced.  More  recently  all  the  beakers  have  been  made  of  porce- 
lain or  of  stoneware,  and  since  then  the  breakage  has  been  very 
slight.  The.  feed  of  acid  is  regulated  by  means  of  a  thermometer 
placed-.in  the  fourth  beaker  from  the  bottom.  No  lead  pans  are 
needed  for  preliminary  concentration.  Even  the  most  impure 
acid^  also  waste  acid  from  dynamite- works  &c.,  can  be  worked  up. 
The  acid  running  off  in  cases  of  breakage  is  easily  caught  and 
used  over  again. 

A  fresh  patent  of  Webb's  (E.  P.  29,884, 1896)  describes  a  firing 
arrangement  by  a  gas-producer,  where  the  flame  does  not  act  from 
the  higher  end  down  to  the  lower,  but  vice  versa. 

The  illustrations  of  Webb's  apparatus,  published  in  certain 
periodicals  during  1901,  differ  from  those  given  here  only  in  two 
respects  :  first  the  fireplace  is  not  below  the  top  beakers,  but  about 
midway ;  second  a  number  of  upright  pipes  take  the  acid  fumes 
away  into  a  main  pipe  and  lead  them  into  a  condenser,  where  the 
acid  is  to  be  kept  back  from  escaping  into  the  atmosphere. 

Webb  (E.  P.  1515,  1901)  also  describes  an  apparatus  for  re- 
taining the  acid  fumes,  consisting  of  a  wooden  box,  lined  with  lead, 
closed  at  top,  with  a  funnel-pipe  reaching  nearly  to  the  bottom  for 
admitting  cooling- water,  which  overflows  near  -  the  top.  The 
tank  contains  two  metal  boxes,  connected  by  a  number  of  pipes, 
the  first  of  them  fitted  with  several  water-tubes.  The  acid 
fumes  enter  at  the  top  of  the  first  box,  pass  through  the  con- 
necting-pipes into  the  second  box,  and  issue  from  the  top  of  this 
into  a  chimney",  which  produces  the  necessary  suction.     On  their 
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way  the  fumes  are  cooled  by  the  water  surrounding  the  boxes  and 
flowing  through  the  water-tubes  and  are  thus  condensed ;  the 
liquid  thus  formed  runs  oflF  at  the  bottom.  In  order  to  retain  the 
acid  longer  in  I  the  first  box,  the  pipes  connecting  it  with  the 
second  box  are  furnished  with  nozzles  which  throttle  the  orifice. 

A  further  patent  of  Webb's  (E.  P.  1516, 1901)  describes  beakers 
consisting  of  an  outer  vessel  and  an  inner  vertical  vessel,  the  latter 
having  at  its  lower  end  lateral  openings,  and  its  top  reaching  above 
the  outlet  bib  of  the  outer  vessel,  for  the  purpose  of  dividing 
the  liquid  into  two  columns.  There  is  also  a  removable  spout 
attached  to  the  top  of  the  beaker. 

This  modification  appears  to  be  that  which  is  mentioned  in  the 
38th  Alkali  Inspector's  Report,  and  described  in  the  German 
patent  No.  135,886,  by  F.  G.  Webb  and  Webb's  Patents  Limited. 
There  is  a  stepped  series  of  beakers,  each  of  them  containing  an 
inner  cylindrical  vessel,  not  much  narrower  than  the  beaker  itself, 
open  at  the  top  and  communicating  by  holes  at  the  bottom  with 
the  annular  space  between  the  two  vessels.  The  acid  overflows  by 
a  lip  from  each  of  the  outer  beakers  into  the  inner  vessel  of  the 
next  lower  beaker,  passes  through  the  bottom  holes  into  the 
annular  outer  space,  and  overflows  from  this  into  the  inner  vessel 
below.  The  whole  may  be  placed  in  a  hot-air  oven.  Or  else  the 
top  edges  are  formed  in  such  a  manner  that  a  still-head  may  be 
placed  on  each  beaker,  with  an  arm  connected  with  a  slanting 
draught. pipe  [comp.  Gridley's  apparatus,  p.  844],  from  which  the 
vapours  are  taken  into  a  tubular  water-condenser  before  passing 
into  the  draughting-shaft  :  in  this  case  the  beakers  are  heated 
only  in  their  lower  part. 

Levinstein's  patents  are:  No.  19,213,  1892;  Nos.  2476  and 
2^35,  1893;  No.  22,844,  1894;  his  apparatus  is  very  similar  to 
Webb's,  but  the  beakers  have  rounded  bottoms  and  are  placed  in 
metal  dishes,  and  the  overflow-pipes  are  modified.  According 
to  one  of  his  latest  patents,  the  dilute  vapours  from  the  upper 
portion  aad  the  strong  vapours  from  the  lower  portion  of  the 
battery  are  carried  away  separately,  which  appears  to  be  a  very 
rational  process. 

Quite  similar  to  the  above  is  Bradbury's  apparatus,  Engl.  pat. 
22,327, 1893 ;  J.  W.  Scott's,  Engl.  pat.  14,215, 1894 ;  R.  Wilson's, 
E.  P.  14,221,  1895  ;  and  Schwab's,  E.  P.  22,512,  1896. 

Many  of  these  apparatus,  especially  on  Webb's  principle,  have 


VARIOUS  GLASS  OR  PORCELAIN  APPARATUS.  855 

been  erected  in  England^  but  some  of  them  seem  to  have  been 
discontinued,  partly  on  account  of  excessive  breakage  of  the 
glasses  (which  does  not  seem  to  happen  so  much  with  porcelain 
beakers)  9  partly  because  they  consumed  too  much  fuel,  and  partly 
because  it  was  found  impossible  to  prevent  the  escape  of  dense 
white  fumes  from  the  chimneys  (which  were  themselves  sometimes 
ruined  by  these  fumes  and  had  to  be  rebuilt).  The  Alkali  Reports 
of  the  last  years  teem  with  complaints  of  this  sort.  The  reason 
seems  to  be  the  same  as  that  quoted  in  the  case  of  the  lead  pans 
with  surface-evaporation,  viz.  the  formation  of  an  acid  mist  of  tiny, 
liquid,  vesicular  drops  (p.  812),  or  else  the  difficulty  of  condensing 
sulphuric  anhydride  (11th  Chapter). 

A.  Nobel  proceeds  on  the  following  principle  (Oerm.  patent 
10,149,  ]  880) : — Since  cast-iron  is  not  acted  upon  by  the  vig>our  of 
sulphuric  acid,  the  concentrating-apparatus  is  made  in  the  shape 
of  a  column  consisting  of  cast-iron  pipes,  in  which  porcelain  dishes 
are  placed  on  ledges.  Each  dish  has  an  opening,  through  which 
a  glass  rod  reaches  into  the  next  lower  dish ;  this  is  intended  to 
prevent  the  acid  from  splashing  about  in  its  downflow  from  dish 
to  dish.  When  all  the  dishes  are  filled,  the  column  is  heated  by 
flues  surrounding  it  on  the  outside.  The  acid  vapour,  as  well  as 
the  concentrated  vitriol,  is  taken  away  at  the  bottom.  Even 
nitrous  vitriol  is  said  to  be  used  in  such  towers. 

Another  kind  of  column  combined  with  the  system  of  stepped 
beakers  is  the  apparatus  patented  by  Guttmann  (E.  P.  16,220, 1898) . 
He  arranges  glass  or  porcelain  beakers,  with  overflows,  in  a 
vertical  spiral  column.  They  are  placed  on  iron  dishes,  attached 
to  curved,  hinged  doors,  which  together  form  a  vertical  heating- 
column,  within  which  fire-gases  surround .  the  concentrating- 
beakers.  Another  patent  (G.  P.  109,247)  describes  an  arrange- 
ment for  heating  up  the  air  required  for  the  combustion  by  means 
of  the  waste  heat  of  the  apparatus. 

A  Guttmann  concentrating-tower  has  been  erected  in  England, 
but  it  is  fired  by  coke  instead  of  gaseous  fuel,  and  has  been  other- 
wise modified  with  a  view  to  reduce  breakages  (Alkali  Inspector's 
Report  No.  38,  p.  128). 

The  Adamson  Chemical  Company  (G.  P.  104,679)  concentrate 
sulphuric  acid  in  two  horizontal  stoneware  cylinders ;  a  number 
of  vertical  stoneware  or  glass  pipes,  closed  at  the  bottom,  are 
suspended  from  these  cylinders  in  a  vertical  position^  reaching 
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downwards  into  the  fireplace  and  increasing  the  heating  surface. 
[This  is  the  system  of  ''  Field  tubes ''  applied  by  De  Hemptinne 
in  his  apparatus  described  in  our  first  edition,  Vol.  I.  p.  507  et  seq.y 
which  has  never  been  carried  out  in  practice.] 

Concentration  in  Platinum  Stills. 

The  arrangement  of  platinum  stills  formerly  employed  is  very 
fully  described  and  illustrated  in  the  first  edition  of  this  work, 
pp.  526  to  530,  and  in  our  second  edition  p.  695  et  seq.  A  number 
of  data  referring  to  the  sizes,  cost,  and  producing-power  of  those 
older  stills  is  also  there  given;  but  all  this  must  be  considered 
antiquated,  and  we  shall  here  describe  only  the  modem  shapes  of 
platinum  stills. 

In  consequence  of  competition  with  the  platinum  stills,  first 
by  the  improved  glass  retorts,  and  afterwards  by  the  combined 
platinum-lead  apparatus  of  Faure  and  Eessler,  the  two  manufac- 
turers of  large  platinum  apparatus  (Desmoutis,  Lebrun,  &  Co., 
of  Paris,  and  Johnson,  Matthey,  &  Co.,  of  London)  both  greatly 
improved  the  coustruction  of  platinum  stills.  In  the  first  place 
they  made  them  lighter,  by  leaving  the  greatest  strength  entirely 
in  the  bottom,  directly  exposed  to  the  fire.  Already  in  1867, 
Johnson,  Matthey,  &  Co.  had  exhibited  at  Paris  an  apparatus  for 

5  tons  per  diem,  costing  only  £1640*,  and  another  for  8  tons  per 
diem  at  £2500. 

Later  on  they  recommended  a  lighter  shape  of  still,  intended 
for  continuous  work.  A  double  still  of  that  kind,  for  producing 
4^  or  5  tons  concentrated  acid  per  day,  cost  £1200,  a  triple  still, 
for  7^  or  8  tons  acid,  £1750.  Then  stills  with  their  special 
cooling-apparatus  found  much  favour,  but  they  are  equally  out 
of  date  now. 

The  modern  platinum  stills  are  mostly  on  the  system  of  Prentice 
or  of  Delplace,  as  shown  here. 

Prentice^s  system  (figs.  371  to  373)  contains,  in  lieu  of  the 
former  circular  stills,  a  still  of  elongated  square  shape,  say  3  ft.  x  1  ft. 

6  in.  for  4  or  5  tons  O.V.  per  day.  The  acid  enters  at  the  back 
end  and  runs  out  in  front  by  an  overflow.  A  still  of  this  kind 
weighs  about  ^  cwt.,  and  cost  (formerly)  about  £1000,  inclusive 
of  overflow,  cooler,  metal  ring,  &c.  The  firm  also  supply  platinum 
pans  with  corrugated  bottoms,  as  shown  in  fig.  371 ;  but  ordinary 
lead  pans  may  be  used  instead. 


PRENTICE  8  PLATINUM  BTILLS. 


858  CONCENTKATION  OP  SULPHURIC  ACID. 

Special  statements  concemiDg  these  stills,  as  introduced  at  the 
Griesheim  works,  will  be  found  in  '  Chem.  lad.'  1878,  p.  194, 
and  1879,  p.  109. 

The  favourable  eflFect  produced  by  Prentice's  plan  is  principally 
owing  to  the  corrugated  bottom  of  the  pans,  which  increases  the 
heating-snrface  in  the  proportion  of  1*57  to  1.  The  thin  stratum 
of  acid  is  a  feature  common  to  all  more  recent  plans. 

Fig.  372. 


Another  system,  manufactured  by  Messrs.  Johnson,  Matthey,  & 
Co.,  and  introduced  at  some  of  the  largest  works,  is  that  of 
Gustave  Delplace,  of  Namur,  which  is  shown  in  figa.  374  to  376. 
In  this  apparatus  two  stills,  A  and  B,  are  combined.  The  top  still 
A  is  fed  with  acid  of  141°  Tw.  and  the  distillate  from  the  still  B. 
The  latter,  also  of  platinum,  carries  on  the  concentration  to  the 
highest  attainable  point,  even  up  to  98  per  cent.  HsS04,  if  needed. 

C  C  are  heads  and  arms  with  outlet  at  E  for  the  strong  distillate ; 
the  weaker  not  condensed  vapour  goes  away  at  E.  F  is  a  bottle- 
shaped  cooler  for  receiving  the  concentrated  acid  from  the  stills. 
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Q  is  a  lip  attached  to  the  first  still  for  receiving  the  acid  from 
the  lead  pans  and  the  distillate  from  B  B.  H  ia  a  tube  for  re- 
ceiving the  condensed  distillate  and  carryiDg  it  back  to  A.  A.  In 
this  appsratns  the  acid  may  be  brought  to  79  or  80  per  cent,  SOg, 
or  97  to  98  H2S04.  If  this  stronger  acid,  indiapensable  in  the 
manufacture  of  dynamite  &c.,  is  made,  the  distillate  most  be 
allowed  to  get  up  to  150°  or  155°  Tw.,  and  is  always  conveyed 
back  to  the  first  still.  For  making  the  ordinary  O.Y.,  testing 
168°  Tw.,  which  really  contains  only  73  to  76  per  cent.  SOj,  the 
distillate  should  show  only  7°  to  23°  Tw.,  according  to  the  speed 

Fig.  374. 


of  work,  the  feed-acid  being  144°  Tw.  strong.  The  following 
advantage  is  claimed  for  the  rectangular  shape  of  Btill — that, 
in  working  for  the  moat  highly  concentrated  acid,  the  ferric 
sulphate  cannot  collect  in  the  opening  of  the  discharging-pipe, 
which  generally  happens  with  the  ordinary  apparatus ;  the  distillate 
is  also  said  to  be  weaker,  the  output  larger,  in  proportion  to  the 
evaporating  surface,  and  the  consumption  of  coal  smaller  than 
with  the  round  shape.  Instead  of  lead  coolers,  the  distillate  is 
condensed  by  a  platinum  tube  2^  inches  wide,  which  is  cooled  by 
water  for  a  length  of  5  feet ;  together  with  the  head  it  weighs  no 
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more  than  the  former  large  head  and  arm  for  connection  with  a 
lead  cooler,  without  being  liable  to  the  frequent  need  of  repairs  of 
the  latter ;  it  also  permits  condensing  acid  of  any  strength,  free 
from  lead.  Consequently  the  concentration  may  be  carried  to 
any  required  extent,  whilst  with  lead   condensers,  and  still  more 


with  Faure  and  Eessler's  system,  the  great  wear  and  tear  of  the  lead 
do  not  permit  this. 

For  making  the  very  strongest  acid  by  a  continuous  process 
(which  previously  was  quite  impossible),  two  long  stills  are  pre- 
ferable to  one,  the  distillate  from  the  second  still  running  back  into 
the  first  quite  hot,  without  contact  with  lead  ;  only  the  first  weak 
distillate  escapes. 
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The  cooliDg  of  the  concentrated  acid  is  done  by  an  upright 
platinum  cylinder  standing  in  water.     The  acid  enters  at  the  top 
and  leaves  it  at  the  bottom ;  the  water  enters  the  outer  vessel  at 
the  bottom  and  leaves  it  near  the  top. 
Fig.  377. 


The  apparatus  is  supplied  by  Messrs.  Johnson,  Matthey,  and  Co, 
by  weight,  at  market  prices  for  platinum.  The  weight  of  one  boiler 
is  about  50  lb. ;  bead,  condenser,  and  acid-cooler  together  17^  lb. 
With  this  5  tons  of  acid  of  93  to  94  per  cent,  monohydrate,  or 
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6  tons  of  92  per  cent,  monobydrate  (the  common  "  168°  Tw.") ,  are 
made.  A  two-boiler  apparatuSj  weighing  about  110  lb.  with  all 
appnrtenanceB,  furaishee  10  tons  of  O.V.  at  9S  to  94  per  cent,  or 
13  tons  at  92  per  cent,  in  24  hours,  M.  Delplace  (Ste.  Croix  7, 
Namur]  undertakes  the  erection  and  starting  of  the  apparatus. 

Some    improrements   have   been    made    in    his   apparatus  by 
Belplace's  patent  of  1862  (Q.  P.  23,159).     He  provides  a  long^  flat 
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platinum  still  with  an  undulated  cover,  bearing  on  the  top  of  the 
four  undulations  as  many  still-heads.  From  that  which  is  nearest 
to  the  acid  feed,  only  water  distils  off ;  the  others  yield  water  with 
more  and  more  acid,  the  fourth  rather  strong  acid.  Thus  with  one 
pan  acid  of  98  per  cent.  HjSO,  can  be  obtained.  The  bottom  is 
beat  made  in  a  corrugated  shape  {as  on  p.  857).  I  am  not  aware 
-whether  this  kind  of  still  has  been  carried  out  in  practice. 
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The  platinum  stills  bailt  by  the  Paris  firm  F.  Desmontis, 
Lemaire  et  Cie.,  as  formerly  used,  before  the  shallow  form  had 
been  introduced,  are  shown  in  the  first  edition  of  this  work,  Vol.  I. 
pp.  526  and  536.  Since  1876  this  form  has  been  replaced  by  a 
shallow  still,  as  shown  in  fig.  377;  and  this  is  frequently  made 
with  a  bottom  fitted  with  coucentric  partitions,  which  force  the 

Fig.  -^2. 


acid  to  travel  through  the  still  in  a  circuitous  way,  as  indicated 
by  the  arrows,  and  ultimately  to  flow  out  through  pipe  b.  This 
is.  shown  in  figs.  378  and  379  (p.  861). 

(It  must  not  be  overlooked  that  these  partitions  are  sometimes 
found  to  leak,  which  has  caused  some  manufacturers  to  abandon 
this  otherwise  very  rational  plan  and  to  return  to  plain-bottomed 
stills.) 
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The  latter  figure  shows  a  special  modification^  provided  with  a 
removable  cover,  hydraulically  sealed.  Figs.  380  and  381  show 
the  setting  of  these  stills,  which  is  extremely  simple^  the  still- 
bottom  resting  on  a  plain  cast-iron  ring. 

Figs.  382  and  383  show  a  longitudinal  stilly  recently  preferred 
by  some  French  manufacturers^  equally  provided  with  partitions. 
Formerly  most  buyers  preferred  the  circular  shape ;  now  some  of 
them  prefer  the  oblong  shape  as  better  utilizing  the  fuel.  But 
common  to  all  are  the  partitions  which  cause  the  acid  to  flow  through 
the  still  in  a  prolonged  stream^  without  any  mixture  of  the  con- 
centrated with  the  dilute  acid.  This  system  has  now  been  applied 
for  15  years  with  great  success.  Where  two  stills  are  to  be  worked 
in  combination  a  difference  must  be  made  between  the  case  where 
acid  of  65^°  B.  and  that  where  acid  of  97-98  per  cent,  is  required. 
In  the  former  case  it  is  best  to  place  both  stills  on  the  same  fire. 
They  thus  produce  slightly  less  than  if  fired  separately ;  but  this  is 
outweighed  by  the  saving  in  f  uel^  labour^  and  repairs  (about  20 
per  cent,  on  the  fuel  and  25  per  cent,  on  labour  and  repairs) .  The 
waste  fire-gases  cannot  concentrate  the  feeding-acid  in  the  lead 
pansj  which  these  receive  from  the  chambers^  above  59°'5  B.  ( =  140° 
Tw.) ;  but  this  is  an  advantage^  as  the  acid  gets  less  charged  with 
lead^  and  its  strength  is  absolutely  regular.  The  quantity  of  dis- 
tilling acid  is  lessened ;  the  finishing  still  furnishes  a  distillate  of 
from  20°  to  25°  B.  ( = 32°  to  42°  Tw.) ,  whilst  the  distiUate  from  the 
first  still  is  almost  pure  water  and  is  thrown  away.  This  com- 
bination is  shown  in  figs.  309  and  310  (p.  709)  of  our  second 
edition ;  the  two  stills^  all  complete  with  a  Liebig's  cooler^  weigh 
50  or  51  kilog.  for  a  production  of  10  tons  in  24  hours. 

For  concentrating  acid  up  to  97  or  98  per  cent.  H^SO^  two  stills 
must  be  combined^  each  of  them  heated  by  a  separate  fire. 

(This  system^  as  well  as  other  shapes  of  these  French  stills^  is 
illustrated  in  our  second  edition.) 

Scheurer-Kestner  (Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  321) 
gives  data  concerning  the  difference  produced  by  working  with  a 
Desmoutis  still,  first  without  and  then  with  concentric  partitions, 
the  acid  being  forced  by  the  latter  to  remain  longer  in  the  stills 
in  the  proportion  of  48  :  62.  The  data  refer  to  both  styles  of 
work : — 
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Without  With 

partitions.  partitions. 

Make  in  24  hours     5136  6632  kil. 

Concentration  of  acid 92*5  92*6  per  cent. 

Average  strength  of  distillate  ...       36^  11°  Baume. 

Weight  of  ditto    2160  2160  kU. 

Weightofthecorresp.  H2SO4...     816  216  „ 

Percentage  of  acid  distilled 15*8  3*2 

Weight  of  coal  used     1100  1100  kil. 

Ditto  per  cent.  cone,  acid    2 1*4  16*5 

Water  evaporated 1344  1944  kil. 

These  undoubted  advantages  of  the  concentric  partitions  are^ 
however,  counterbalanced  by  a  greater  loss  of  platinum  and  more 
frequent  repairs,  so  that  many  manufacturers  have  abandoned  this 
system  after  having  tried  it. 

The  way  of  firing  platinum  stills  is  of  the  greatest  importance, 
not  merely  so  far  as  economy  of  fuel  is  concerned,  but  even  to  a 
greater  extent  where  it  is   necessary  to   manufacture  acid  of  a 
regular  and  high  degree  of  concentration.     Ordinary  hand-fired 
grates  will  do  quite  well  where  the  acid  need  not  exceed  95  per 
cent.  H2SO4  ;  and  the  waste  heat  of  the  flame  may  be  utilized  for 
bringing  up  the  chamber-acid  in  lead  pans  to  the  strength  required 
for  feeding  the  still,  say  140°  Tw.,  although  in  most  cases  this  can 
be  equally  effected  without  any  cost  by  the  waste  heat  of  the 
pyrites-burners.      But  where  acid  of  96  per  cent,  is  regularly 
required,  it  is  much  better  to  adopt  a  plan  ensuring  perfect  regu- 
larity of  heat  \  and  this  becomes  indispensable  when  acid  of  97  or 
98  per  cent,  is  to  be  regularly  run  in  a  continuous  process.     This 
is  very  easy  to  understand,  for  with  the  very  shallow  depth  of  acid 
now  universally  employed  a  slackening  of  the  fire  will  instantly 
tell  upon  the  concentration.     Supposing  the  feeding-acid  to  be  of 
uniform  strength   (a  necessary  condition  for  continuous  work), 
it  stands  to  reason  that  the  strength  of  the  acid  run  out  in  a 
continuous  process  must  vary  with  the  heat  employed,  and  that 
consequently  that  heat  should  also  be  as  uniform  as  possible.     No 
ordinary  fire-grate  will  fulfil  this  condition ;  this  may  be  done  by 
really  efficient  mechanical  stokers ;  but  I  am  not  aware  of  any 
case  where   such  have  been  tried  for  platinum  stills.     Another 
means  for  attaining  the  same  end  is  the  employment  of  good  gas- 
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producers,  and  of  these  the  most  eflScient  for  the  present  case 
seems  tp  be  that  of  G.  Liegel,  of  Stralsund  (Prussia).  A  large 
number  of  Liegel  producers  have  been  already  fitted  to  platinum 
stills  and  have  been  working. for  many  years  p&st;  and  I  am 
assured,  on  most  reliable  authority,  that  there  is  nothing  equal  to 
them  for  obtaining  the  most  highly  concentrated  acid  in  a  regular 
way.  Pigs.  384-389  show  the  Li^el  producer  as  applied  to 
sulphuric-acid  stills ;  but,  of  course,  special  modifications  must 
be  made  in  particular  cases,  as  stated  by  the  inventor  of  the  M 
system. 

In  Knocke's  description  of  the  Oker  works  (Dingl.  Joum.  cliv. 
p.  181)  it  is  mentioned  that  formerly  the  platinum  stills  used  to 
be  fired  with  coals,  but  that  wood  had  been  introduced  instead, 
because  the  still  was  found  damaged  in  consequence  of  the  sulphur 
contained  in  the  coals.  Even  by  the  formation  of  carbon-platinum 
the  platinum  may  become  brittle  ;  the  fuel,  therefore,  ought  never 
to  come  into  immediate  contact  with  it. 

Fig.  390  gives  an  idea  of  the  way  in  which  platinum  stills  can 
be  set  so  as  to  avoid  all  risk  of  damage  by  silicates  from  the  coal- 
ashes  being  projected  against  the  pan-bottom,  or  other  damage  by 
the  fire  (received  from  Mr.  W.  C.  Heraeus,  Hanau). 

Concentration  in  Platinum  Dishes  with  Lead  Hoods  {Faure 

and  Kessler's  system). 

The  first  stills  constructed  on  the  principle  of  combining  a 
platinum  bottom-dish,  as  the  only  part  of  the  still  coming  in 
contact  with  the  hot  concentrated  acid,  with  lead  covers  cooled 
by  water  were  used  by  Messrs.  Harrison,  Blair,  and  Co.,  of  Bolton, 
and  Mr.  A.  Smith,  of  Dublin,  some  time  before  1860,  but  were 
given  up  again.  In  1863  L.  Kessler  proposed  his  first  still,  which 
was  erected  at  Griesheim  (Dingl.  Joum.  vol.  clxxvi.  pp.  34  &  164, 
ccxxi.  p.  85).  This  apparatus  was  not  a  success,  and  was  replaced 
10  years  later  by  the  firm  of  Faure  and  Kessler,  at  Clermont- 
Ferrand,  by  a  new  construction  which  itself  has  been  gradually 
changed  as  more  experience  was  gained.  The  older  forms  of  the 
apparatus,  which  are  not  used  now,  are  fully  described  in  our 
first  edition  pp.  542-551,  with  many  illustrations.  We  shall 
here  only  describe  the  present  form  of  the  apparatus,  with  the  aid 
of  detailed  drawings  to  scale,  kindly  furnished  by  the  proprietors 
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a  and  descnbed  in  detail  further  on.    The  dilute  acid  coD< 
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of  the  patents.  Messieurs  F.  Desmoutis,  Lemaire  et  Cie.,  of  Paris, 
platinum  works. 


Fig.  391  gives  a  general  sketch  of  the  apparatus  on  a  scale  of  ^. 
a  is  the  platinum  basin,  with  the  lead  bell  b,  which  wiU  be  illus- 
trated and  described  in  detail  further  on.     The  dilute  acid  con- 
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densing  on  the  sides  and  top  of  the  bell  runs  away  through  pipe  c. 
The  uncondensed  vapours  pass  away  through  pipe  d,  which  bends 
downwards  and  dips  into  the  condenser  e.  The  acid  formed  here^ 
after  passing  through  the  hydrometer  cylinder  f,  runs  away 
through  ff^  together  with  that  from  c.  The  cooling- water  for  the 
bell  enters  at  h,  that  for  the  top  cover  at  u  The  concentrated 
acid  runs  away  at  k  into  the  cooler  I,  to  be  described  below^  and 
from  this  through  m  into  carboys,  &c. 

The  fire  of  the  fireplace  n  passes  either  underneath  another  or 
even  a  third  platinum  basin^  each  of  them  placed  so  much  higher 
than  the  preceding  that  the  acid  can  run  from  one  to  another^  or 
else  directly  under  a  set  of  lead  evaporating-pans^  in  which 
chamber-acid  of  106"  Tw.  is  brought  up  to  142°,  the  proper  strength 
for  feeding  the  platinum  basins. 

Fig.  392  gives  details  of  the  condensing-apparatus  for  the 
weak  acid,  which  can  be  understood  without  further  explana- 
tion. 

Fig.  393  gives  a  detailed  drawing  of  the  dish  and  bell,  on  a 
scale  of  ^Q.  a  is  the  platinum  basin,  the  size  of  which  must  be 
proportionate  to  the  production  intended.  In  order  to  stand  the 
work  for  a  considerable  time,  it  should  not  be  too  thin ;  it  is 
necessary  to  calculate  from  2*9  to  3  kilog.  of  platinum  to  each  ton 
of  94  per  cent,  acid  made  in  24  hours.  For  instance,  a  basin 
capable  of  turning  out  5  tons  of  strong  acid  per  24  hours  weighs 
from  14*5  to  15  kilog.,  and  has  a  diameter  of  0*88  metre  (  =  2  ft. 
10§  in.) ;  for  7  tons  of  acid  it  would  weigh  20  or  20*5  kilog.,  with 
a  diameter  of  1*06  metre  (=3  ft.  5|  in.)  ;  for  1^  tons  of  acid  6*5 
kilog.,  with  a  diameter  of  0*60  metre  (=1  ft.  11^  in.). 

The  rim  of  the  basin  is  shaped  like  a  hydraulic  lute,  b  b, 
with  the  outlet-tube  c  for  the  dilute  acid  condensing  on  the 
sides  of  the  leaden  bell,  ff  g ;  this  rim  is  supported  by  a  cast-iron 
ring,  /.  Further  there  is  an  outlet-tube,  d,  for  the  strong  acid, 
and  a  supporting  ring  e  (of  cast-iron)  for  the  lower  part  of 
the  basin. 

The  basin  is  surmounted  by  a  leaden  bell,  formed  of  a  double- 
walled  cylinder,  g  ff,  and  a  double-walled  conical  hood,  h  h.  The 
cylindrical  part  is  supported  on  the  outside  by  three  iron  stanchions, 
t  i  (comp.  also  figs.  394  and  395),  and  an  iron  hoop,  k  k  (40  x  5 
millim.).  The  pieces  %  i  end  at  the  top  in  hooks,  which  serve 
for  suspending  the  bell,  ff  ff,  by  means  of  chains. 
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The  diameter  of  the  cylindrical  part  is  0'870  metre  (  =  2  A;. 
lOJ  in.)  inside  and  0-940  (=S  ft.  1  in.)  ontside.  The  inner  shell 
hw  a  thickness  of  6  millim.  (say  11  lb.  per  superficial  foot),  the 
outer  3  millim.  (say  7  lb.).  Iron  rods,  /  /,  ^  an  inch  thick,  held 
by  means  of  straps,  m  m,  form  a  skeleton  A-ame  for  BtiCfening  the 
inner  cylinders  ;  they  are  from  3  to  4  inches  apart.  The  pipe  n 
serves  for  introducing  cold  water  in  the  bottom  of  the  annular 
space  between  the  two  leaden  cylinders;  pipe  o  conveys  the 
partially-heated  water  into  the  annular  space  of  the  conical  hood. 


Fig.  394. 


q  q,  and  pipe  p  is  the  outlet  for  the  hot  water  from  the  latter. 
Pipe  r  lets  off  the  air  escaping  from  the  cooling-water  during  its 
passage  through  gg,  and  pipe  a  serves  for  the  same  purpose  in  the 
hood  q  q.  The  arrow  t  shows  where  the  feeding-acid  runs  in  ; 
fig.  394  gives  the  detail  of  this. 

The  uDCondensed  vapours  are  taken  away  by  pipe  u  suspended 
from  the  roof  by  means  of  the  spont  v  (fig.  395)  ;  it  dips  into  the 
cooler  w,  where  the  weakest  acid  ia  condensed. 

Fig.  395  gives  a  front  elevation.     The  letters  all  have  the  same 
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signification  as  in  fig.  891.      (Some  other  illustrations  of  this 
system  are  given  in  our  second  edition.) 

The  cooler  employed  by  Paure  and  Keasler  for  the  strong  acid 
is  made  of  lead,  avoiding  the  use  of  platinum,  and  is  shown  in 


fig.  396  (p.  873).  A  lead  vessel,  A,  stands  on  an  annular  lead 
cylinder,  B,  vhose  base  Ms  a  little  widened  out  for  greater  stability. 
In  the  middle  of  the  height  the  partitioo  c  cuts  off  the  top  from  the 
bottom  cylinder,  the  hollow  space  of  A  still  remaining  in  c 
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nication  with  the  annular  space  of  B.  All  the  hollow  spaces  are 
filled  with  acid.  On  the  bottom  c  the  shallow  lead  dish  D  is 
placed ;  and  in  its  centre  the  porcelain  dish  d  receives  the  almost 
boiling  acid  from  the  platinum  tube  k,  so  that  the  hot  acid  mixes, 
with  cooled  acid  without  injuring  the  lead  at  the  point  of  contact. 
In  A  there  are  five  worms,  s  «,  connected  with  each  other  and  con- 
stantly fed  vriith  cold  water,  which  runs  ofi"  heated  at  /.  The  whole 
cooler  stands  in  a  cylindrical  vessel  H,  also  constantly  supplied  with 
cold  water  through  V  ;  the  latter,  therefore,  always  fills  the  inner 
space  b  of  the  annular  vessel  B,  circulating  through  the  openings  a  x. 
Since  the  acid  entering  through  the  tube  t  is  much  hotter  than  that 
into  which  it  flows,  it  rises  to  the  top,  comes  into  contact  with  the 
worms  9  8y  and  is  partly  cooled  ;  it  then  flows  downwards  along  the 
sides,  and  passes  into  the  annular  space  6,  where  it  only  forms  a 
thin  layer  and  is  further  cooled.  At  last  it  rises  up  in  the  pipe 
g^  and  from  this  runs  into  the  carboys.  As  the  diameter  of  the 
vessel  is  about  3  feet  3  inches,  the  stream  of  acid  moves  very  slowly 
in  it,  and  there  is  time  for  cooling.  A  cooler  of  the  above  diameter 
and  equal  height  suflices  for  100  carboys  of  acid  per  diem.  This 
apparatus  is  very  ingeniously  constructed,  but  rather  complicated. 
Tt  requires  an  excellent  plumber  and  incessant  cooling  with  cold 
water;  otherwise  it  would  be  very  soon  destroyed. 

A  weak  part  of  the  apparatus  consists  of  the  lead  hoods. — The 
Chemische  Fabrik  Rhenania  (Germ.  pat.  64, 572)  makes  these  hoods 
of  a  long  coil  of  lead  tubing,  burning  the  walls  together  so  as  to 
form  a  tight  bell,  within  the  walls  of  which  the  cooling-water 
circulates.  This  system  answers  very  well,  and.  has  been  intro- 
duced at  a  number  of  factories.  It  is  probably  the  best  now  in 
existence  for  this  special  purpose. 

The  principal  feature  of  the  work  with  the  Paure  and  Kessler 
stills  is  this — that  the  acid,  comingf  hot  from  the  leaden  evapo- 
rating.pans,  is  continuously  run  into  the  platinum  basin,  or  the 
first  of  a  set  of  two  or  three  such  basins,  where  it  stands  in  a  very 
shallow  layer  (two  or  three  inches  deep),  and  is  exposed  to  the 
direct  action  of  the  fire  playing  upon  the  whole  of  the  bottom  of 
the  dish.  This  causes  such  rapid  evaporation  that  the  acid,  issuing 
at  the  side  opposite  to  that  from  which  it  had  entered,  and  from 
the  bottom  of  the  still,  flows  out  in  a  sufficiently  concentrated 
state.  The  amount  of  work  done  is  proportionate  to  the  size  and 
number  of  the  platinum  basins.     The  mixed  vapour  of  acid  and 
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water  formed  in  the  basins,  as  it  rises  up,  strikes  against  the 
water-cooled  sides  and  top  of  the  leaden  hood,  and  is  there  con- 
densed to  dilated  acid,  running  down  the  sides  and  forming  a 
hydraulic  lute  between  them  and  the  platinum  diah ;  an  overflow 
(at  c)  carries  it  outside,  and  prevents  it  from  getting  back  into 
the  platinum  basin.  The  water-cooling  at  the  same  time  prevents 
the  leaden  hood  from  damage  by  the  joint  action  of  heat  and  acid 
vaponrs. 

F\g.S96. 


The  cost  of  fael  is  not  perceptibly  different  with  I'aure  and 
Kessler  stills  from  that  of  ordinary  platinum  stills ;  and  the  lai^e 
quantity  of  water  required  for  cooling-purposes  in  the  former 
system  is  an  item  of  cost  to  be  put  against  the  saving  which 
attends  the  coat  of  plant.  '  It  was  urged  by  the  inventors  as  a 
great  advantage  of  their  plan  that  tbe  loss  of  platinum  was  much 
less  than  with  stills  made  entirely  of  platinum ;  but  this  is  very 
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doubtful^  as  the  wear  and  tear  of  the  platinum  occnr  almost 
entirely  in*  the  places  which  are  in  contact  with  the  fire-gases^ 
and  which  are  equally  large  in  both  systems  ;  and  any  slight  loss 
of  platinum  in  the  other  parts  of  ordinary  platinum  stills  will  cost 
hardly  less  than  the  repairs  of  the  very  complicated  leaden  hood 
and  connections  of  the  Faure  and  Kessler  system.  According  to 
information  from  Messrs.  Desmoatis^  Lemaire  et  Cie.,  the  bell  and 
hood  last  about  two  years^  and  must  then  be  replaced. 

I  have  also  obtained  the  following  data  from  the  same  firm. 
The  plumbing  work  for  a  F.  &  K.  apparatus  turning  out  five  tons 
of  acid  of  168^  Tw.  per  diem  amounts  to  about  1200  francs,  viz.  : 

For  the  bell  itself    450  francs. 

For  the  acid-cooler 350      „ 

For  the  vapour-condenser  . . .  250      „ 

For  sundries    150      „ 


1200 


ff 


or  about  1  franc  per  kilog.  of  the  lead  employed. 

The  consumption  of  cooling-water  averages  3  tons  per  hour, 
or  75  tons  per  day. 

The  consumption  of  fuel  is  from  18  to  20  per  cent,  of  the  acid 
manufactured. 

The  great  saving  in  prime  cost  caused  a  rapid  spreading  of  the 
Faure  and  Kessler  system,  especially  in  Germany,  Austria,  and 
America,  much  less  in  France  and  England.  But  since  the  ordi- 
nary platinum  stills  (owing,  no  doubt,  to  the  stimulus  given  to  the 
makers  by  the  new  system)  were  considerably  improved,  and  were 
constructed  of  much  lighter  weight  and  cost  for  the  same  output 
than  formerly,  and  since  the  drawbacks  of  constant  repairs,  of  the 
great  amount  of  water  required,  and  the  frequently  minor  strength 
of  the  acid  produced  in  the  Faure  and  Kessler  stills  became  more 
perceptible,  the  latter  system  has  again  receded  into  the  back- 
ground, although,  of  course,  the  apparatus  once  erected  are  still  kept 
at  work.  There  are  probably  few  new  stills  constructed  according 
to  this  system,  and  several  manufacturers  who  had  put  up  this 
apparatus  have  replaced  it  with  ordinary  stills  ^.  The  enormously 
increased  price  of  platinum  might  give  a  new  impetus  to  the  Faure 
and  Kessler  system^  if  L.  Kessler's  own  new  hot-air  apparatus  did 

*  This  ifi  confirmed  by  information  received  from  platinum-smelters  in  1902. 
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not  seriously  compete  with  his  former  invention  (comp.  later  on). 
It  mnst  not  be  overlooked  that  the  strength  really  attained  by 
it  rarely  exceeds  93  per  cent.  H2SO4,  or  at  the  very  most 
96  per  cent. ;  with  higher  strengths  the  lead  hood  is  acted  upon 
to  a  perceptible  extent. 

Other  forms  of  Platinum  Stills. 

We  here  briefly  quote  a  number  of  patent  constructions  none 
of  which  have  found  any,  or  only  very  little,  application  beyond 
the  places  where  they  originated. 

A  still  constructed  by  F.  W.  Kalbfieisch  is  figured  and  described 
in  our  2nd  edition  pp.  722  to  724.  It  was  patented  in  Germany 
in  1877  (No.  1005)  and  improved  as  described  in  the  U.S.  patent 
No.  267,221  (J.  Soc.  Chem.  lud.  1883,  p.  42).  Other  American 
stills  are  those  of  M.  Willett  (E.  P.  9362,  1884) ;  C.  Bartsch 
(E.  P.  6127,  1885) ;  Herreshoff,  H.  Nichols  and  G.  Nichols  (E.  P. 
1998,  1887).  We  mention  also  H.  Glover's  platinum  dish,  placed 
within  the  gases  of  a  brimstone-burner  as  shown  p.  281. 

Siebert  (Engl.  pat.  9514,  1893)  built  platinum  retorts  with 
stepped  bottoms,  on  which  the  acid  runs  down  in  cascades.  [The 
rate  of  concentration  and  the  consumption  of  coal  are  very  favour- 
able in  this  apparatus ;  but  it  has  been  abandoned,  as  the  bottom 
could  not  be  prevented  from  running  dry,  and  thus  the  wear  and 
tear  became  too  great.] 

Hannetelle  (Engl.  pat.  22,704,  1891)  describes  four  cylinders 
mounted  stepwise,  inclined  alternately  to  opposite  sides,  the  acid 
running  downwards  through  all  of  them.  The  ^'  Chapuis  still "  is 
constructed  on  the  same  principle. 

Lasne  uses  a  flat,  oblong  still,  6  ft.  6  in.  long,  in  which  the 
acid  runs  from  one  end  to  the  other  in  a  layer  of  about  2  inches. 

Howard  (£.  P.  1762,  1897)  describes  an  automatic  apparatus 
for  regulating  the  strength  of  the  acid  flowing  out  of  the  platinum 
stills. 

England  (E.  P.  22,715,  1895)  employs  the  heat  of  the  outflowing 
acid  usefully,  by  cooling  it  with  the  fresh  acid  to  be  concentrated. 

Loss  of  Platinum  in  the  Concentration  of  Sulphuric 

Acid. 

This  is  a  very  important  matter,  on  which  the  first  accurate  ob- 
servations were  made  by  Scheurer-Kestner  in  1862  and  continued 
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for  many  years.  Detailed  statements  regarding  this  subject  are 
given  in  our  second  edition^  pp.  725  to  7^1,  Here  we  give  only  a 
brief  abstract. 

In  the  presence  of  small  quantities  of  nitrogen  acids^  the  loss  is 
from  2  to  3  grams  platinum  per  ton  acid  of  93  to  94  p.  c.  H2SO4,  in 
the  absence  of  these  (removed  by  ammonium  sulphate)  only  a  little 
over  or  under  1  gram.  "  Extra-concentrated  acid ''  (97-98  p.  c» 
H2SO4)  entails  a  loss  of  6  to  8  grams  platinum  per  ton.  The  head, 
siphon^  &c.  also  suffer  a  loss  of  weight. 

Hasenclever  gives  the  loss  of  platinum  when  using  acid  free 
from  nitrogen  compounds,  =0*25-0'97  gram  per  ton  of  acid.  At 
Uetikon  a  Faure  and  Kessler  apparatus  lost  0*75  gram  per  ton  of 
ordinary  acid ;  when  making  the  strongest  acid  the  loss  amounted 
to  10  grams  per  ton  of  acid. 

Davis  (Journ.  Soc.  Chem.  Ind.  1894,  p.  210)  states  that  the 
loss  of  platinum  sometimes  diminishes  to  0*34  gram  per  ton. 
Formerly  it  was  less  than  it  is  now  [?].  When  making  97  per 
cent,  acid  the  loss  occasionally  rises  to  20  grams  platinum  per  ton 
(wrfc  infra). 

The  following  information  was  obtained  in  1902.  A  collection 
of  statements  emanating  from  a  number  of  firms^  made  by  W.  C. 
Heraeus^  shows  the  loss  of  platinum  per  ton  of  strong  acid  manu* 
factured  as  follows: — 

(1)  Concentration  to  92  per  cent.  H2SO4,  from  0*18  to  0*78  gram. 

(2)  Concentration  to  93-96  per  cent.  HjSOa,  from  030  to  13 
gram. 

(3)  Concentration  to  97-98  per  cent.,  1*9  to  3*0  grams. 

Undoubtedly  the  durability  of  platinum  stills  is  greatly  influenced 
by  the  way  they  are  set  and  worked.  If  the  stills  are  placed  too 
near  the  fire-grate,  or  if  the  flame  is  sooty,  compounds  of  platinum 
with  carbon,  silicon,  and  hydrogen  are  formed,  which  make  it 
crystalline  and  brittle  and  impart  a  rough  surface  to  it.  In  this 
respect  gaseous  fuel  is  superior  to  every  other  kind  of  firing  (comp. 
p.  865 ;  also  Knocke's  statements,  p.  866). 

Mercury  is  sometimes  contained  in  blende  &c.,  and  gets  into 
sulphuric  acid  (p.  781).  If  it  reaches  the  platinum  stills  it  may 
do  great  harm,  as  it  may  there  be  reduced  to  the  metallic  state. 

Prices  of  platinum  *rt/&.-=— Hasenclever  (Chem.  Ind.  1892, 
p.  30)  gives  the  following  table  of  prices  (in  marks)  of  platinum 
stills  per  kilogram  (the  mark = nearly  Is.) : — 
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Year- 

Marke. 

Year. 

Marks. 

Year. 

Marks! 

1869.... 

..  600 

1877.... 

..  798 

1885.... 

..   1040 

1870... 

..  600 

1878.... 

..  825 

1886 

.  1040 

1871... 

..  600 

1879... 

..  900 

1887 

.  1040 

1872.... 

..  600 

1880... 

..  880 

1888.... 

..  1080 

1873.... 

..  887 

1881... 

..  880 

1889.... 

..  1107 

1874.... 

..  837 

1882.... 

..  890 

loyu. . .. 

..  1970 

1875... 

..  800 

1883... 

..  947 

1891.... 

. .  1650 

1876.... 

..  800 

1884.... 

..  1013 

1892.... 

. .  1250 

I  can  continue  this  list^  from  statements  made  to  me  by 
W.  C.  Heraeus^  of  Hanau.  The  prices  of  platinum  (to  which 
about  50  marks  per  kilogram  must  be  added  for  workmanship  in 
the  case  of  platinum  stills)  have  been : — 


Year. 

Marks. 

Year.        Marks. 

1893 

1800 

1899 2200 

1894 

1300 

1900 2450 

1895 

1500 

1901 2600 

1896 

1600 

1902(March)  2650 

1897 

1650 

1902  (Dec.)   2600 

1898 

1800 

Gold'lined  Platinum  Stills. 

W.  C.  Heraeus,  of  Hanau,  found  that  gold  resists  boiling  sul- 
phuric acid  much  better  than  platinum.  He  quotes  the  following 
figures,  putting  the  loss  of  weight  of  chemically  pure  platinum  = 
100:— 

Technically  ''  pure  "  platinum 90 

Alloy  of  90  platinum  +  10  iridium 58 

Pure  gold  13 

Which  means  that  pure  gold  sufi^ers  only  one- seventh  as  much  as 
technically  pure  platinum.  At  the  same  time,  when  1  kilog.  of 
platinum  (worth,  say,  £90)  is  dissolved,  only  144  grams  of  gold 
(worth  £20)  would  be  lost. 

Since  pure  gold  is,  of  course,  too  dear  for  manufacturing  stills, 
Heraeus  at  his  works  prepares  platinum  coated  with  a  firmly 
adhering  layer  of  gold  in  the  following  manner  (invented  by  his 
chemist.  Dr.  Kuech): — An  ingot  of  platinum  is  brought  to  a 
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white  heat  exceeding  the  melting-point  of  gold>  then  a  quantity  of 
melted  pure  gold  corresponding  to  the  desired  thickness  of  the 
coat  is  poured  over  it^  and  the  double  ingot  thus  formed  is 
rolled  into  a  sheet.  Such  sheets  are  made  of  the  following 
thicknesses : — 

0*4  millim.  platinum  0*05  millim.  gold. 
0*4       „  J,         yj'i  „  „ 

0'3       f,  „         0'2         „  „ 

Both  under  the  hammer  and  in  the  fire  these  double  sheets 
behave  exactly  like  one  metal ;  they  are  easily  soldered  with  sheet 
platinum  by  means  of  gold,  the  operation  being  conducted  in  such  a 
manner  that  the  layer  of  gold  is  melted  only  at  the  soldering  joint. 
It  is  not  possible  to  substitute  a  cheaper  metal  for  platinum  (as^ 
for  instance,  proposed  by  Neuerburg,  G.  P.  58,511),  as  in  this  case 
the  slightest  injury  to  the  layer  of  gold  would  make  the  apparatus 
entirely  useless,  repairs  being  out  of  the  question.  These  gold- 
plated  platinum  bottoms  are  especially  useful  in  the  manufacture 
of  the  strongest  (97  to  98  per  cent.)  oil  of  vitriol,  in  which  the 
platinum  is  energetically  acted  upon. 

According  to  statements  collected  by  Mr.  Heraeus  from  various 
firms  the  loss  of  weight  in  his  platinum-gold  stills  per  ton  of 
strong  acid  made  (comp.  similar  statements  concerning  ordinary 
platinum  stills,  p.  876)  has  been  :  (a)  in  the  manufacture  of  92  per 
cent,  acid,  from  0*0 11  to  0'072  gram;  (A)  in  the  manufacture  of 
acid  of  93  to  96  per  cent.,  from  003  to  01 38  gram ;  (c)  in  the 
manufacture  of  acid  of  96  to  97  per  cent.,  from  0*17  to  0*205  gram ; 
(d)  in  the  manufacture  of  acid  of  97  to  98  per  cent.,  from  0"048 
to  0*26  gram. 

Since  1891,  when  these  apparatus  were  first  brought  out  (Germ, 
pat.  63,591),  up  to  the  'beginning  of  1902,  73  platinum-gold  stills 
have  been  sold  to  16  works  in  Germany,  18  to  7  works  in  Austria, 
21  to  8  works  in  America,  7  in  Kussia,  3  in  Switzerland,  2  in 
Belgium,  2  in  Sweden,  1  in  Italy,  9  in  South  Africa.  At  one  of 
the  German  factories  the  first  of  these  stills  was  received  in  Januarv 
1891  and  is  in  use  now ;  a  large  number  of  stills  of  the  same  kind 
has  since  been  added. 

At  present  the  price  of  platinum  is  not  very  much  less  than 
that  of  gold  (2600  marks  against  3000  marks),  so  that  a  large 
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Delplace  apparatus  (p.  858),  for  10-12  tons  O.V.  per  day^  weighing 
about  56  kil.,  will  contain  52  kil.  Pt  and  4  kil.  Au,  and  cost  only 
about  £80  more  than  if  made  of  platinum  entirely,  whilst  the 
annual  saving  in  wear  and  tear  (0*1  gram  per  ton  of  acid  against 
1  gram)  amounts  to  £210. 

Prentice  stills  (p.  856}  can  be  constructed  somewhat  lighter^  but 
the  bottom  is  better  formed  of  0*2  mm.  platinum  and  0*2  mm. 
gold,  the  top  of  0*25  mm.  platinum  and  005  mm.  gold,  if  97-98 
per  cent,  acid  is  to  be  made^  for  which  this  system  is  specially  well 
adapted. 

The  Heraeus  platinum-gold  combination  may  be  regarded  as 
the  best  kind  for  apparatus  where  strong  and  pure  acid  is  con- 
cemed,  both  for  entire  stills  and  for  pans  covered  with  leaden 
hoods.  The  gold  coating  in  the  former  case  must  be  extended  to 
the  whole  interior  of  the  boiler,  not  merely  to  the  bottom,  as  other-* 
wise  galvanic  action  sets  in  at  the  place  where  the  acid  touches 
both  platinum  and  gold.  The  Heraeus  composition  is  not  adapted 
for  impure  acid,  which  forms  crusts,  as  these  necessarily  cause 
damage  to  the  gold,  and  as  soon  as  any  platinum  is  exposed  the 
galvanic  action  sets  in.     Otherwise  it  is  excellent. 

It  should  be  noticed  that  ordinary  gold-plating,  whether  by 
electroplating  or  by  the  igneous  method,  does  not  fulfil  the  object  of 
protecting  the  platinum^  as  practical  tests  have  repeatedly  proved. 
No  doubt  such  gilding  is  always  more  or  less  porous,  so  that 
galvanic  action  with  the  sulphuric  acid  sooner  or  later  sets  in  and 
injures  the  metal.  This  is  not  the  case  with  the  compact  sheet  of 
gold^  rendered  completely  dense  by  rolling  the  Heraeus  bars  to 
the  required  thinness. 

Crusts  forming  in  Platinum  Stills, 

The  iron  salts  contained  in  the  chamber-acid  in  concentrating 
are  precipitated  as  anhydrous  ferric  sulphate^  which,  being  insoluble 
in  strong  sulphuric  acid,  partly  attaches  itself  in  white  crusts  to 
the  vessel,  partly  remains  suspended  in  the  acid  in  shining  flakes ; 
the  precipitate  also  contains  a  little  lead.  When  it  occurs  in  large 
quantities  it  may  occasion  stoppages  of  work  and  also  make  the 
acid  more  or  less  unsaleable.  This  especially  happens  when 
Glover-tower  acid  is  employed  for  concentration.  In  order  to 
remedy  this,  Gerstenhofer  suspended  a  large  porcelain  dish  in  the 
still  by  means  of  platinum  wires,  completely  immersed  in  the  acid, 
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in  which,  owing  to  the  boiling  movement^  all  crusts  &c.  collect. 
The  dish  is  taken  out  from  time  to  time^  which  can  be  done  very 
quickly  (Bode^  'Beitrage,'  1872,  pp.  50,  51).  This  arrangement 
seems  to  have  been  introduced  in  very  few  places,  if  at  all.  So 
much  is  certain,  that  hardly  anywhere  can  Glover-tower  acid  be 
used  for  manufacturing  ^^  rectified  oil  of  vitriol,''  and  that  the  acid 
for  this  purpose  is  always  obtained  by  a  preliminary  concentration 
of  chamber-acid,  which  has  not  passed  through  the  tower,  in 
leaden  pans,  either  by  special  fires  or  by  steam-coils,  or,  more 
often  and  rationally,  by  the  waste  heat  of  the  burner-gas,  or  by 
that  of  the  stills  themselves,  as  already  frequently  mentioned.  In 
any  one  of  these  ways  the  acid  is  brought  up  to  about  140°  Tw. 
without  having  been  in  contact  with  the  flue-dust  from  the  pyrites- 
burners,  which  contaminates  it  with  a  comparatively  large  quantity 
of  iron. 

Even  at  factories  where  brimstone  is  burned  the  Glover-tower 
acid  has  not  been  found  suitable  for  platinum  stills,  because  it 
evidently  dissolves  too  much  iron  (and  alumina)  from  the 
'^  packing ''  of  the  tower. 

But  even  with  feeding-acid  concentrated  by  bottom-heat  only, 
the  precipitation  of  salts  in  the  platinum  stills  can  be  very  rarely 
avoided,  if  the  concentration  proceeds  beyond,  say,  92  per  cent. 
H3SO4.  Wherever  stronger  acid  is  made,  it  becomes  necessary 
to  clean  out  the  platinum  stills  from  time  to  time,  in  order  to 
avoid  the  formation  of  hard  crusts,  which  would  speedily  ruin  the 
still.  This  cleaning  is  effected  by  running  the  still  as  nearly  dry 
as  its  form  permits,  and  dissolviug  the  salts  by  means  of  hot 
water  or  hot  weak  acid. 

This  operation  has  to  be  performed  at  various  intervals,  according 
to  the  circumstances  of  the  case.  Whilst  at  some  works  they  have 
to  do  it  every  few  days,  they  may  elsewhere  run  on  for  several 
weeks  or  even  months. 

The  following  is  the  composition  of  crusts  formed  in  platinum 
stills,  as  observed  at  a  French  works,  according  to  private  in- 
formation : — 

Hard,  stoDy  Softer  crust,  impreg^ 

crust.  nated  with  acid. 

FcjOg    33-60  23-00 

SOs  63-20  63-60 

SiO, —  0-20 


■ 
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Hardy  stony  Softer  crust,  impreg- 

cmst.  nated  with  acid. 

CaO trace  1*10 

MgO+NajO    trace  0*85 

AsjOs   trace  trace 

PbSO^ trace  trace 

Se trace  trace 

AljOs    trace  — 

At  Stolbei^  alumina  is  always  founds  sometimes  exceeding  the 
proportion  of  iron  (1902). 

An  explosion  on  cleaning  out  a  platinum  still  has  been  reported 
by  Kuhlmann^  jun.  It  occurred  by  running  water  upon  some  acid 
left  in  the  still  (the  two  strata  evidently  remaining  separate)  and 
starting  the  fire.  At  a  certain  point  the  two  strata  must  have 
become  suddenly  mixed ;  and  the  explosion  occurred  through  a 
violent  evolution  of  vapour  (Bull.  Soc.  Chem.  vol.  xxxiii.  p.  50). 


Concentration  in  Iron  Vessels. 

The  great  cost  of  platinum^  and  the  liability  of  glass  to  breakage, 
together  with  the  usually  great  expense  for  fuel  in  the  latter 
case,  have  led  to  employing  iron  vessels  for  the  concentration  of 
sulphuric  acid,  as  it  is  well  known  that  iron  resists  strong  acid, 
although  it  is  so  very  rapidly  dissolved  by  weaker  acid. 

For  some  time  past  cast-iron  vessels  have  been  in  constant 
use  for  concentrating  sulphuric  acid  up  to  the  high  strength 
required,  especially  for  the  manufacture  of  nitroglycerine  and 
pyroxyline,  say  98  per  cent.  H2SO4.  This  strength  cannot  be 
attained  at  all  on  a  manufacturing  scale  in  glass  retorts,  and  in 
platinum  vessels  it  causes  an  excessive  wear  and  tear.  Moreover 
the  deposits  formed  in  the  latter,  especially  when  re-working  the 
spent  acid  of  previous  operations,  are  almost  unbearable.  There 
is^  therefore^  a  special  inducement  for  employing  cast-iron  vessels 
for  this  purpose,  and  this  is  frequently  done.  The  principal 
condition  is  this,  that  cast-iron  is  not  employed  below  a  certain 
strength  of  acid.  It  would  appear  that  this  strength  is  best  93  or 
94  per  cent.  H2SO4.  Up  to  this  point,  then,  the  acid  is  brought 
in  glass  or  in  platinum ;  but  beyond  this  cast-iron  vessels  may  be 
employed,  if  certain  precautions  are  observed.     In  some  places 
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they  put  in  some  sulphate  of  soda,  which  is  believed  to  preserve 
the  iron.  In  other  places  they  employ  long  pans  (about  10  feet, 
and  2  feet  deep),  covered  with  a  leaden  dome,  in  which  the  acid 
(not  below  96  per  cent.)  is  heated  to  240°.  At  one  end  a  stream 
of  (heated  ?)  air  is  blown  in ;  at  the  other  end  the  acid  vapours 
escape  by  a  lead  tube  into  a  lead  condenser.  The  constant  change 
of  air  allows  of  bringing  the  strength  up  to  98*5  per  cent.  At  the 
end  of  the  operation,  when  drawing  off  the  concentrated  acid, 
enough  is  left  in  to  yield  acid  of  not  less  than  96  per  cent,  when 
feeding  with  ordinary  acid  of  98  or  94  per  cent.  The  iron  is 
certainly  acted  upon,  and  deposits  of  anhydrous  ferric  sulphate 
are  formed ;  there  are  also  black  particles  (probably  graphite) 
floating  in  the  liquid.  These  particles,  however,  are  removed 
without  any  special  effort  by  the  lead  sulphate  forming  on  the 
leaden  cover  and  falling  into  the  acid,  as  the  sulphate  carries 
down  the  black  particles.  (Comp.  later  on  the  sketch  of  such  a 
pan  as  used  for  the  recovery  of  acid  from  ''  acid-tar.") 

In  other  places  they  employ  pans  with  rounded  corners,  of  6  feet 

6  inches  by  3  feet  3  inches  by  1  foot  depth,  with  a  rebate  round 
the  top,  into  which  fits  a  shallow  inverted  pan  provided  with  three 
necks  (one  for  feeding,  two  for  the  acid  vapours).  The  joints  are 
made  good  with  a  mixture  of  asbestos  and  silicate-of-soda  solution. 
Near  the  bottom  there  is  an  outlet-pipe  for  the  acid.  The  pans 
are  surrounded  all  over  by  fire-flues,  which  keep  even  the  covers 
hot.     Two  such  pans,  placed  terrace-wise,  and  weighing  about 

7  tons,  inclusive  of  connections,  are  said  to  produce  (from  acid  of 
142°  Tw.)  4  tons  of  98  per  cent,  acid  per  day,  with  an  expenditure 
of  25  or  27  per  cent,  of  coals. 

Figs.  397  &  398  show  the  cast-iron  retorts  usually  employed  in 
Germany.  Each  retort  weighs  about  2600  kil. ;  they  last  about 
four  months.  Francke  (Fischer's  Jahresb.  1898,  p.  329)  states 
that  they  concentrate  up  to  140  tons  (?)  acid  from  93  to  97  or  98 
per  cent.  H2S04^  each  ton  dissolving  about  100  grams  iron,  with 
a  consumption  of  28  or  30  per  cent.  fuel. 

Tate  mentions  pots,  9  feet  wide  and  6  feet  deep,  2  in.  thick,  with 
cast-iron  lids,  weighing  11  or  12  tons,  in  which  acid  of  spec.  grav. 
1*74  is  concentrated  within  28  or  30  hours  to  96  per  cent. ;  one 
such  pot  produces  12  tons  of  acid.  It  is  allowed  to  settle  and 
cool  for  12  hours,  so  that  one  of  these  pots  can  be  finished  every 
two  days.     Coal  used  2  cwt.  per  ton,  wages  Is.  per  ton,  wear  and 
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tear  3*.  or  4*.  per  ton  of  finished  acid.  Prom  time  to  time  the 
mud  consisting  of  iron  salts  must  be  cleaned  out,  and  this  re- 
presents 4  or  5  per  cent,  of  acid  lost.  Such  a  pot  costs  £60,  the 
lid  (which  lasts  for  3  or  4  pots)  £10,  the  setting  £30.  Each  pot 
produces  from  500  to  600  tons  of  acid,  and  is  then  worth  £10  or 
£15  as  old  metal.     The  plant  requires  very  little  space  and  no 
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expensive  building.  The  dirtiest  acid  can  be  worked  up  which  can 
hardly  be  worked  by  any  other  system,  and  the  highest  strength 
can  be  attained  [but  the  acid  will  be  very  impure]. 

In  my  report  on  a  visit  to  America  (Zsch.  f .  angew.  Chem. 
1894,  p.  135)  I  have  described  the  following  plants  : — ^In  one  place 
they  concentrate  the  acid  to  66°  Be.  =  93*5  per  cent,  in  platinum, 
above  that,  up  to  98  per  cent.,  in  round  cast-iron  pans,  3  ft.  wide 
and  2  in.  thick,  with  double  flange  for  a  hydraulic  joint,  in  which 
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a  water-cooled  leaden  hood  dips.  The  hydraulic  flanges  are  lined 
inside  with  lead^  as  they  are  filled  with  weak  acid.  Such  a  pan 
lasts  two  months. 

At  another  place  they  employ  a  set  of  three  pans :  one  is  made 
of  cast-iron^  4  ft.  x  3  ft.  area^  and  two  of  platinum^  all  three  with 
lead  hoods  on  the  Faure-Kessler  principle  (comp.  p.  866).  In  the 
platinum  pans  the  acid  rises  to  65^°  Be.^  in  the  iron  pan  to  66^  B^. 
This  acid  is  only  used  for  purifying  petroleum.  All  three  pans  are 
heated  by  heavy  petroleum  (spec.  grav.  0*833,  the  residue  from  the 
manufacture  of  paraffin)^  injected  by  a  steam-jet.  The  regu- 
larity and  facility  of  this  kind  of  heating  compensate  the 
excess  of  cost  of  coal.  The  flame^  after  heating  the  three  pans^ 
passes  above  the  weaker  acid  contained  in  two  lead  pans^  each 
30  feet  long  and  provided  with  an  inner  dry  wall  and  a  water- 
jacket  as  protection  against  being  burnt  through.  The  first  lead 
pan  receives  chamber-acid  of  53^  Be.  ;  the  second  lead  pan  brings 
it  up  to  61°  B6.J  the  second  platinum  pan  to  65°'5,  the  iron  pan  to 
66°  B^.  Each  set  furnishes  daily  500  carboys^  or  about  20  tons^ 
with  a  consumption  of  900  American  gallons^  or  a  little  over 
3  tons,  of  heavy  petroleum,  costing  2  cents  per  gallon,  or  7*5  tons 
per  100  tons  acid.     The  iron  pans  last  three  months. 

At  another  place  they  have  two  platinum  pans  with  lead  hoods, 
the  upper  (weak)  pan  receiving  the  direct  fire,  combined  with  two 
specially  fired  iron  retorts,  constructed  as  described  p.  882,  viz., 
a  bottom  part,  8  ft.  x  2  ft.  section  and  8  inches  deep,  connected 
by  a  flange  and  rust-joint  with  a  similar  shaped,  but  only  4  in. 
deep  lid.  The  fire  plays  all  round,  first  underneath  the  pan  and 
then  above  it,  in  a  12-in.  wide  flue.  The  6-in.  vapour-pipe  passes 
through  this.  The  acid  attains  to  98  per  cent.,  and  is  drawn  ofi* 
by  means  of  an  iron  tap. 

In  a  fourth  factory,  at  Pinole,  Cal.,  there  is  the  following  appa- 
ratus, for  the  drawings  and  description  of  which  I  am  indebted  to 
the  superintendent,  Mr.  W.  R.  Quinan  (now  at  the  DeBeers  Ex- 
plosive Works,  Cape  Town) .  Fig.  399  (p.  887)  shows  the  iron  pan 
without  cover^  seen  from  above ;  fig.  400  is  a  sectional  plan  through 
A  B,  showing  the  steam-pipe  and  the  outlet-pipe  with  mud-box  ; 
fig.  401  part  of  the  longitudinal  section  through  C  D,  showing  the 
acid-inlet  and  the  thickened  bottom  below  it ;  fig.  402  a  cross- 
section  at  right  angles  through  the  inlet.  The  pan  is  divided 
into  three  compartments  by  longitudinal  partitions  which  leave 
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openings  at  alternate  ends  of  the  pan^  and  thus  compel  the  acid  to 
travel  in  a  zigzag  manner.  Corresponding  to  these  channels,  the 
pan-bottom  is  bulged  outwards,  in  order  to  enlarge  the  heating- 
surface.  The  flat  cover  rests  on  a  rebate  formed  on  the  upper 
edge  of  the  pan,  and  is  luted  in  this  with  a  mixture  of  barytes 
and  silicate  of  soda ;  it  is  held  in  its  place  by  six  castings,  a  a, 
wedged  against  corresponding  lugs,  h  b,  on  the  pan ;  these  lugs 
also  serve  as  bearers  for  the  pan.  The  cast-iron  vapour-pipe,  c, 
2i-inch  bore,  is  connected  by  flanges  and  screw-clamps  with  a 
neck  formed  in  the  cover ;  the  joint  is  made  by  an  asbestos  washer 
and  the  silicate-of-soda  mixture.  During  work  the  pan-lid  is 
tightly  covered  with  asbestos  waste,  to  protect  it  against  cooling 
and  the  consequent  action  of  the  acid.  The  acid-inlet  is  not 
arranged  in  the  cover,  but  in  a  cup,  e^  cast  on  to  the  pan ;  below 
this  the  pan-bottom  is  thickened,  as  this  part  is  always  strongly 
acted  upon.  The  pans  are  5  ft.  6  in.  x  1  ft.  6  in.  surface 
and  10  in.  deep ;  the  channels  are  5  in.  wide  each,  thickness  of 
metal  |  in. 

The  acid-outlet  is  at  the  cast-iron  neck,/,  opposite  which  is  a 
cleaning-hole  in  the  pan-lid,  with  the  cover,  rf,  luted  by  silicate- 
of-soda  cement.  Neck  /  is  joined  to  the  cast-iron  pipe,  ^, 
leading  to  the  mud-box,  h ;  from  this  a  cast-iron  pipe,  t,  again 
rises  upwards,  and  is  connected  by  a  side-branch  with  the  short 
platinum  tube,  k,  which  conveys  the  acid  into  a  Johnson  a.nd 
Matthey's  platinum  cooler.  By  this  arrangement  the  acid  is 
obtained  perfectly  clear  and  free  from  mud. 

This  iron  pan  is  connected  with  two  Delplace  platinum  stills, 
18  in.  wide  and  5  ft.  long.  The  acid  enters  62°  Be.  strong  from 
the  lead  pans  into  the  first  platinum  still.  The  fire,  on  leaving 
the  platinum  stills,  travels  underneath  seven  lead  pans  ,*  there  are 
also  lead  pans  on  the  eight  sulphur-burners.  This  set  of  one 
cast-iron  pan  and  two  platinum  stills,  together  with  an  auxiliary 
iron  pan  and  platinum  stills,  supplies  a  set  of  chambers  of  200,000 
cubic  feet. 

The  firing  of  both  iron  and  platinum  stills  is  performed  by 
crude  petroleum,  sprayed  by  superheated  steam.  The  introduction 
of  this  system,  in  lieu  of  a  coal-fire,  not  merely  saves  labour, 
but  it  also  increases  the  turn-out  from  9  tons  to  13^  tons  of 
96  per  cent. 

The  duration  of  an  iron  pan  is  from  four  to  eight  months.     They 
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are  rarely  used  up,  but  they  crack  in  the  places  where  thick 
crusts  are  formed,  sometimes  without  apparent  cause,  probably  in 
consequence  of  faults  in  casting.  [Recently  chilled  cast-iron 
seems  to  have  given  great  satisfaction.]  Small  holes  sometimes 
forming  at  the  inlet  can  be  stopped  up  by  silicate-of-soda  cement. 
The  vapour-pipe,  c,  leads  to  a  condenser  constructed  of  platinum 
and  lead.  Formerly  it  had  to  be  protected  against  cooling  and 
quick  corrosion  by  a  thick  asbestos  coating ;  but  later  on  a  cast- 
iron  mixture  was  invented  which  lasts  almost  indefinitely  even 
without  such  protection  [probably  chilled  cast-iron] . 

During  work  a  deposit  is  formed  at  the  bottom,  principally 
consisting  of  ferric  sulphate,  which  is  removed  once  a  fortnight. 
The  pan  is  emptied,  the  cover  removed,  the  outlet  /  is  closed, 
the  pan  is  filled  with  water  and  heated  to  boiling.  The  crusts, 
which  are  sometimes  ^  in.  thick,  are  then  chiselled  off.  Such 
crusts  of  course  greatly  diminish  the  heating  efficiency.  In  the 
first  channel,  where  the  fresh  acid  enters,  there  is  not  much 
deposit — on  the  contrary,  the  iron  is  slightly  acted  upon  ;  and  the 
ferrous  sulphate,  together  with  that  issuing  from  the  chambers  in 
large  quantities  (comp.  below),  is  deposited  in  the  second  and 
third  channels.  A  little  mud  is  always  carried  along  by  the  acid, 
but  is  deposited  in  box  h. 

The  acid  made  by  this  apparatus,  remarkable  to  say,  contains 
less  iron  than  that  formerly  concentrated  to  96  per  cent,  in 
platinum  stilh  at  the  same  works.  No  doubt  this  is  caused  by 
the  fact  that  they  now  bring  up  the  acid  to  97  or  98  per  cent. 
But  it  is  possible  to  turn  out  95  per  cent,  or  even  94  per  cent, 
acid  in  this  apparatus. 

As  to  the  consumption  of  fuel,  more  is  used  with  iron  pans 
than  with  platinum  stills.  Formerly  the  consumption  of  coal  for 
making  96  per  cent,  acid  in  platinum  stills,  inclusive  of  chamber- 
steam,  was  22  per  cent,  of  the  acid;  now,  for  making  97  per  cent, 
acid  in  iron  pans  it  is  the  equivalent  of  28  to  30  per  cent,  of  coal 
(used  in  the  shape  of  petroleum). 

At  the  same  works  they  treat  a  large  quantity  of  waste  acid 
from  the  manufacture  of  nitro-glycerine.  This  after  denitration 
yields  acid  of  53°  Be.,  which  was  formerly  concentrated  in  special 
top-fired  lead  pans,  and  subsequently  in  the  above -described 
combined  iron  and  platinum  stills.  But  as  the  mixed  acids  are 
sent  backwards  and  forwards  in  sheet-iron  glycerine  drums  and 
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take  up  much  iron  from  these^  the  deuitrated  acid  is  now  run  into 
the  chambers^  where  much  of  the  mud  is  deposited^  and  the 
chamber-acid  is  then  treated  as  above.  Such  acid  could  not 
possibly  be  concentrated  in  platinum  stills  alone^  on  account  of 
the  crusts. 

Scheurer-Kestner  (Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  348) 
employs  the  following  connection  between  the  iron  pan  and  a  plati- 
num lute  for  receiving  a  Faure  and  Kessler  hood  (fig.  403).  F  is 
the  cast-iron  pan,  resting  on  the  brickwork  by  means  of  the  flange  L. 
a,  bj  c,  d  is  the  platinum  rim,  to  which  is  soldered  a  flange  g,  h, 
held  between  the  flange  K,  cast  on  the  pan  F,  and  a  loose  iron 
flange  t  i,  the  joint  being  made  with  asbestos  or  gypsum  pipeclay 

Fig.  403. 


and  secured  by  screw-bolts.  The  apron  ff,  a,  forming  part  of  the 
platinum  rim,  protects  the  cast-iron  from  the  drops  of  weak  acid 
falling  fron  the  top.  A  cast-iron  pan  supplying  5  tons  of  acid 
in  24  hours  weighs  5  cwt. :  it  yields  on  the  average  12*7  grams 
iron  to  100  kilograms  acid  concentrated  from  92*5  to  96  per  cent. 
The  platinum  pan,  in  which  the  previous  concentration  to  92'5 
per  cent,  is  effected,  suffers  very  little  indeed.  The  concentration 
in  iron  is  not  suitable  below  95  per  cent,  or  much  above  this  point. 
For  this  reason  Scheurer-Kestner  prefers  the  following  com- 
bination  of  a  coat-iron  pan  with  platinum  dome  (Germ.  pat.  61,381  j 
Bull.  Soc.  Ind.  Mulhouse,  1892,  p.  320).  Fig.  404  again  shows  the 
arrangement  of  protecting  the  iron  from  drops  of  weak  acid  by  the 
platinum  apron  a,  and  of  forming  the  joint  by  means  of  the 
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platinnm  flange  b,  held  between  the  iron  flanges  c  and  d.  But 
here  the  platinum  continues  into  a  real  hood  e,  closed  at  top  in  the 
ordinary  manner.  The  iron  pan  C^  which  weighs  250  kil.^  must 
be  entirely  surrounded  by  the  fire,  as  shown  in  fig.  405.  The 
platinum  dome  weighs  from  8  to  8*5  kil.,  and  the  preceding  two 
platinum  dishes  B  and  A,  provided  with  Faure  and  Kessler  hoods, 
weigh  9  kil.  each,  the  connection-tubes  about  2  kil.  The  fire 
plays  first  under  the  weak  platinum  pan,  then  under  the  stronger 
platinum  pan,  at  last  under  the  iron  pan.  Such  an  apparatus 
furuishes  4^  tons  of  95  per  cent,  acid  in  24  hours,  with  less  than 
0*15  gram  platinum  lost  for  each  ton  of  acid ;  and  the  concen- 
tration can  be  easily  driven  to  97*5  per  cent. 

Fig.  404 


The  Clayton  Aniline  Co.  (E.  P.  11,544,  1898)  employs  cast 
iron  pans  in  such  a  manner  that  the  acid,  of  any  desired  strength, 
is  run  on  to  the  centre  of  the  surface  of  heated  acid  containing  not 
below  90  or  93  per  cent.  H2SO4,  at  the  same  time  withdrawing  so 
much  strong  acid  from  the  bottom  of  the  vessel  that  the  level  remains 
nearly  constant.  This  system  is  shown  in  fig.  4f}&.  Pan  a  has  an 
overflow  pipe  i,  starting  near  the  bottom  of  the  pan  at  c  and 
delivering  the  acid  at  ^  at  a  suitable  level.  On  flange  e  the  cover 
/  is  fixed  by  screw-clamps  g  g,  with  suitable  cement.  Through 
neck  h  the  fresh  acid  is  introduced.  In  neck  k  a  pipe  /  is  fixed,  ' 
through  which  the  vapours  escape  which  are  condensed  by 
means  of  chamber  m  and  cooling-pipes  n  n.  Through  another 
neck  a  thermometer  is  introduced  into  the  pan.  For  a  start 
pan  a  is  charged  with  acid  of  90  to  93  per  cent,  which  is  heated 
to  boiling,  whereupon  fresh  diluted  acid  is  run  into  the  pan  in 


P  SDLPHDRIC  ACID. 


CONCENTRATION  IN  IRON  V288EL8.  891 

suitable  proportions,  striking  the  acid  in  a  about  the  central 
part.  The  supply  is  regulated  in  such  a  manner  that  the  level 
remains  practically  constant,  the  strong  acid  running  off  at  d  and 
the  vapours  escaping  at  /.  (An  altogether  similar  process  is 
described  in  Gridley's  U.S.  P.  No.  265,495,  of  1882.) 

This  apparatus  has  since  been  combined  with  another,  intended 
to  deal  with  the  acid  fumes,  to  be  described  below. 


G.  Krell,  of  Bruchhausen  near  Kiisten  in  Westphalia,  has  con- 
structed an  apparatus,  consisting  of  a  cast-iron  pipe  heated  in  a 
bath  of  molten  lead,  the  ends  being  water-cooled  so  that  the  solid 
lead  forms  a  tight  joint  against  the  molten  portion.  Figs.  407- 
409  show  this  system  with  ail  details  (Engl,  pat.  18,727,  1894). 
One  such  pipe,  costing  £4  to  £4  10s.,  yields  from  300  to  500  tons 
strong  sulphuric  acid,  according  to  the  strength  of  the  feeding- 
acid,  with  one  man  per  shift.  The  cleaning  can  be  mostly  per- 
formed without  any  stoppage  of  work ;  once  a  week,  or  in  two 
or  three  weeks,  a  thorough  cleaning  must  be  effected,  which 
involves  a  stoppage  of  half  a  shift.  An  apparatus  for  turning  out 
5  tons  commercial  O.V.  (92  to  93  per  cent.)  requires  a  ground 
space  of  120  square  feet,  including  cooling-apparatus,  and  costs 
£150,  or  inclusive  of  all  auxiliary    apparatus,  brickwork.  Sec, 
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£250,  to  which  must  be  added  £250  for  the  license,  plana,  and 
instructions.  For  acid  of  97  per  cent.  HjSOj  iron  pipes  are 
employed  at  an  additional  cost  of  £100,  This  plan  works  very 
well  for  concentrating  Glover  acid  or  wash-acids  from  nitro- 
glycerine &c.  It  has  been  at  work  for  some  years  in  several 
factories  in  Germany  and  Poland.  M.  Liebig  (Zschr.  angew.  Ch. 
1900,  p.  184}  s|teaks  very  well  of  it. 
Fig.  407. 


A  new  plan  was  proposed  by  Hartmann  (Engl.  pat.  2839,  1879). 
The  acid  is  to  be  saturated  with  iron  salts,  which  are  again  sepa- 
rated on  concentration,  and  are  intended  to  protect  the  iron  of 
the  pan  itself. 

The  following  process  is  intended  to  combine  concentration  of 
sulphuric  acid  with  purification  from  iron  and  arsenic.  Menzies 
(E.  P.  No.  3230,  1883)  asaerta  that  sulphuric  acid  of  the  highest 
concentration   can   contain    but    traces   of    iron   and  arsenic  in 
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solution^  provided  the  latter  be  present  as  arsenic  acid.  He  adds 
some  nitric  acid^  in  order  to  oxidize  any  As^Os  to  AS2O5,  and  boils 
the  acid  in  a  cast-iron  pan^  the  bottom  of  which  is  not  exposed 
to  the  fire,  until  the  strength  of  the  acid  distilling  over  is  about 
142°  Tw.  The  fire  is  now  drawn,  the  acid  is  allowed  to  settle,  and 
§  or  I  of  the  clear  acid  is  withdrawn.  This  acid  is  colourless  and 
free  from  Fe  and  As  [?],  and  3  or  4  per  cent,  stronger  than  ordinary 
"  rectified  O.V.'^  Fresh  oxidized  acid  is  run  into  that  which  has 
remained  in  the  pan,  in  such  a  way  that  the  strength  never  falls 
below  that  at  which  the  iron  is  acted  upon  by  the  acid.  Accord- 
ing to  analyses  quoted  in  the  20th  Official  Alkali  Report  (for 
1883),  p.  45,  the  quantity  of  iron  found  in  the  concentrated  acid, 
calculated  as  Fe,  is  only  from  0*006  to  0*022  per  cent.  ;  that  of 
As,  0-013  to  0-015  per  cent. ;  that  of  NgOg,  0*011  to  0*024  per 
cent.  The  precipitate  at  the  bottom  of  the  still  contains  50  SO3, 
20  AsaOfi,  28*2  Fe^Os,  1*8  insoluble,  &c. 

These  figures  show  that  the  removal  of  arsenic  by  Menzies's 
process  is  nothing  like  complete.  Menzies  believes  that  acid  of 
58°  Baume  does  not  act  (in  the  heat)  upon  cast-iron  ;  but  that  is 
a  great  mistake,  and  in  practice  he  must  have  dissolved  a  large 
quantity  of  iron  which  no  doubt  in  the  latter  stage  of  the 
process  would  be  again  separated  in  the  shape  of  anhydrous  ferric 
sulphate. 

In  the  28th  Alkali  Report,  p.  55,  Graham^s  process  is  mentioned, 
in  which  the  concentration  takes  place  in  a  series  of  cast-iron 
dishes.  It  was  found  that  hot  sulphuric  acid,  in  thin  layers,  in 
contact  with  cast-iron,  tends  to  dissociate  into  SO3  and  HjO,  so 
that  from  a  certain  point  the  acid  becomes  all  the  weaker  the 
longer  and  more  strongly  it  has  been  heated.  The  dissociation  is 
evidently  caused  by  the  superheating  of  the  iron,  which  becomes 
much  hotter  than  the  platinum.  This  observation  proves  the 
advantage,  formerly  pointed  out,  of  causing  the  flame  to  travel  in 
the  same  direction  as  the  acid,  so  that  the  strongest  acid  is  not  in 
contact  with  the  hottest  part  of  the  flame. 

Fisher,  Hall,  and  Moore  (E.  P.  27,876,  1898)  let  the  acid  run 
through  a  long  cast-iron  pipe  heated  outside,  to  produce  continuous 
concentration. 

The  38th  Alkali  Report,  p.  18,  mentions  a  process  of  American 
origin,  by  which  sulphuric  acid  is  rectified  continuously  in  a  cast- 
iron  vessel,  all  air  being  excluded  from  the  space  above  the  liquid 
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acid.  In  this  case  there  is  no  difficulty  in  condensing  all  the 
SO, ;  very  little  SOs  is  formed  and  the  gases  escaping  are  not  in 
the  vesicular  condition  rendering  condensation  so  difficult  and 
imperfect  in  other  processes.  The  process  had  not  been  at  work 
sufficiently  long  to  test  all  these  claims. 

P.  Kestner  (O.  P.  121,339)  concentrates  the  acid  by  heating 
it  in  a  perpendicular  iron  tube^  in  which  it  is  raised  to  a  higher 
level  by  the  gas-bubbles. 

Those  apparatus  where  cast-iron  vessels  are  used  in  connection 
with  a  vacuum  process  will  be  mentioned  later  on. 

Concentration  of  Sulphuric  Acid  in  Wrought-iron  Vesseh. — Tate 
(Journ.  Soc.  Chem.  Ind.  1894,  p.  208)  gives  particulars  of  an  old 
tar-stilly  made  of  §-inch  plate^  6  ft.  wide  and  4  ft.  high,  in  which  for 
several  years  past  a  mixture  of  sulphuric  and  nitric  acid  had  been 
concentrated  from  spec.  grav.  1*75  to  1*838,  with  recovery  of  the 
nitric  acid.  [Perhaps  the  use  to  which  this  vessel  had  previously 
been  applied  had  deposited  a  protective,  carbonaceous  coating.] 

It  cannot  be  denied  that  under  the  most  favourable  circum- 
stances the  concentration  of  sulphuric  acid  in  iron  pans  is  connected 
with  many  troubles ;  and  this  has  lead  to  a  number  of  firms  giving 
them  up  again  and  going  in  for  platinum  stills,  in  spite  of  their 
very  high  price  and  the  great  wear  and  tear  when  driving  the 
concentration  to  98  per  cent.  acid. 

Mr.  6.  E.  Davis  informs  me  that  at  their  chlorine-works  they 
rectified  over  40  tons  O.V.  weekly  for  over  ten  months  in  iron,  at 
a  slightly  cheaper  cost  than  in  glass,  but  the  acid  was  not  so  good 
in  colour,  although  it  deposited  all  iron  on  cooling. 

We  have  previously  {supra,  p.  203)  discussed  the  action  of 
sulphuric  add  on  cast-iron,  and  we  subjoin  here  further  notes  on 
this  subject. 

Fohr  (Fischer^s  Jahresb.  1886,  p.  295)  points  out  that  iron,  in 
order  to  resist  acids,  ought  to  possess  much  chemically  combined 
and  little  graphitoidal  carbon,  whilst  precisely  the  opposite  holds 
good  with  reference  to  resistance  against  alkali,  as  in  caustic-pots 
and  the  like.  In  the  former  case  the  iron  ought  to  contain  much 
manganese  and  little  silicon,  in  the  latter  little  manganese  and 
much  silicon.  Fusing  alkalies  dissolve  combined  carbon  and 
manganese,  but  very  little  graphite  or  silicon  [?] .  A  mixture  which 
makes  good  decomposing-pans  (or  acid  concentrating-pans)  would 
make  bad  caustic-pots,  and  vice  versd. 
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Recovery  of  strong  Sulphuric  Acid  from  Waste  Acids  {Acid-tar, 
Sludge-add). 

For  this  purpose  nearly  always  iron  pans,  usually  preceded 
hy  lead  pans,  are  employed,  as  such  dirty  acids  generally  form 
crusts  which  speedily  destroy  platinum  pans.  The  unavoidable 
contamination  of  the  acid  with  iron  is  also  no  great  drawback  in 
this  case,  as  the  recovered  acid  is  again  used  for  the  treatment  of 
mineral  oils,  &c. 

The  following  process  serves  for  the  concentration  of  acid 
recovered  from  the  "acid-tar"  or  "  sludge -acid  "  of  petroleum 
refineries.  This  acid-tar  is  first  diluted  with  water,  whereupon 
most  of  the  tar  is  separated  and  skimmed  off  (U.S.  P.  of  Fales, 
No.  97,182,  of  1867).  The  acid  liquor  is  now  concentrated  in 
leaden  pans,  first  by  bottom  heat  and  then  by  top  heat,  up  to  a 
strength  of  64°  Baum^  (American  hydrometer).  The  last  con- 
centration takes  place  in  cast-iron  pans  with  leaden  hoods.  The 
pans,  two  of  which  work  together  terrace-wise,  are  2x4  feet  wide 
and  6  inches  deep;  they  have  a  rim  shaped  for  a  hydraulic  lute, 
lined  with  lead,  into  which  dips  a  double-walled,  roof-shaped, 
leaden  hood,  through  which  water  is  kept  running,  on  the  principle 
of  Fanre  and  Kessler's  stills  (p.  866  e/ «e^.).  All  the  joints  are 
made  with  asbestos  cement.  The  principle  of  this  apparatus  is 
shown  in  the  sketch,  fig.  410. 

Fig.  410. 


Oatrejko  (Chem.  Zeit.  1902,  Rep.  p.  360)  describes  the  recovery 
of  sulphuric  acid  from  acid-tar  by  the  well-known  process  of 
diluting  to  32°  B.,  separating  the  tar,  and  concentrating  to  60°  B. 
In  order  to  complete  the  separation,  the  acid  is  again  diluted  with 
chamber-acid  or  water  and  boiled  down.     The  removal  of  the  tar 
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is  promoted  by  a  certain  description  of  carbon  invented  by  the 
author  of  that  communication  ;  1  per  cent,  of  this  is  said  to  convert 
the  acid  into  a  colourless  product. 

U.  Wedge  (Joum.  Soc.  Chem.  Ind.  1899,  p.  345)  describes  the 
usual  process  of  working  up  the  '^  sludge-acid^'  from  the  petroleum 
refineries.  As  it  comes  from  these  it  contains  about  45  per  cent, 
of  oil.  Most  of  this  is  separated  by  diluting  the  acid  to  35^ 
Baum^;  it  is  called  '^  acid-oil '^  and  is  utilized  as  fuel.  The  weak 
acid,  separated  from  it,  still  contains  1*2  per  cent.  oil.  It  is  heated 
in  a  shallow,  hooded  lead  pan  by  means  of  a  light  steam-coil  to 
110^  C,  in  which  process  a  very  slight  quantity  of  SO2  is  formed. 
The  add  now  enters  a  series  of  three  shallow  lead  pans,  6  X  45  feet, 
12  in.  deep,  covered  with  brick  arches,  where  it  is  treated  with 
surface-fire  (''  weak-acid  pans  '')•  Here  it  gets  up  to  56°  B.  and  a 
temperature  of  166°  C,  with  some  loss  of  SO^  and  SO^  (the  gases 
showed  1*24  grain  SOs  and  0*92  grain  SOa  per  cubic  foot). 
Now  the  acid  enters  a  series  of  two  lead  pans  of  the  same  size  as 
the  above  and  at  last  two  iron  pans  3x7  feet,  9  in.  deep.  The 
lead  pans  are  also  housed  in  brick  and  heated  by  surface-fire. 
From  these  {"  strong-acid  pans  '^)  the  acid  issues  with  a  temper- 
ature of  280°  C.  and  shows  66°B.=92^  per  cent,  acidity.  The 
gases  from  these  pans  showed  28*7  grains  SOs  and  4*9  grains  SOg 
per  cubic  foot.  There  was  a  total  loss  of  25  per  cent,  of  the  acid, 
91  per  cent,  of  which  occurs  in  concentrating  from  56°  to  66°  B., 
86  per  cent,  being  caused  by  the  action  of  the  oil  on  the  sulphuric 
acid  forming  SO2,  which  cannot  be  recovered  in  consequence  of 
the  style  of  heating  by  surface-firing.  Calculation  shows  that 
1  lb.  of  the  hydrocarbon  dissolved  in  the  oil  will  destroy  20*88  lbs. 
acid  of  92^  per  cent. 

The  treatment  of  sludge-acids  in  iron  vacuum-retorts  will  be 
described  later  on. 

Hartmann  (Chem.  Zeit.  1899,  p.  147)  concentrates  waste  acid 
from  nitrating  processes  up  to  61°  B.  (spec.  gr.  1*732)  in  six  lead 
pans.  The  acid,  at  a  temperature  of  145°  or  150°,  then  passes 
through  a  small  ^'  preliminary  '^  cast-iron  pan,  provided  with  a 
leaden  hood  and  a  chimney  for  carrying  away  the  vapours  which 
contain  very  little  acid.  Now,  180°  hot,  and  of  spec.  grav.  1*785 
to  1'796,  it  runs  into  two  cast-iron  pans  with  cast-iron  covers,  one 
placed  higher  than  the  other,  and  runs  away  at  a  strength  of  97 
or  98  per  cent.  H2SO4.  Each  of  the  latter  has  its  own  fire,  as  well 
as  the  ^^  preliminary ''  pan,  the  waste  heat  of  all  heating  the  lead 


CAST-IRON  PANS  PROTECTED  BY  ENAMEL.  899 

pans.  For  the  production  of  5^  to  6  tons  strong  acid  in  24  hours^ 
the  preliminary  pan  weighs  about  24  cwt.,  the  two  covered  pans 
with  appurtenances  about  7^  tons.  The  consumption  of  coal  is 
20  per  cent.  The  small  pan  lasts  8  or  4  months^  the  upper  one  of 
the  large  pans  6  to  9  months,  the  lower  one  12  months  or  more. 
The  castings  should  be  made  of  hard  metal  and  without  flaws^  and 
the  two  large  pans  must  be  entirely  surrounded  by  the  fire.  The 
wear  and  tear  of  these  castings  represent  2s.  per  ton  of  strong 
acid.  The  cost  of  the  whole  plants  including  all  auxiliary  appa- 
ratus, is  about  £750.  It  should  be  mentioned  that  platinum 
retorts  would  suffer  enormously  if  waste  acid  was  to  be  brought 
up  to  97  or  98  per  cent. 

Benker  has  applied  his  porcelain  apparatus  (p.  850)  also  to  the 
recovery  of  waste  acids.  In  the  case  of  acid-tar  from  refining 
petroleum  there  is  a  loss  of  about  40  per  cent.;  the  acid  is 
coloured  black  owing  to  the  formation  of  graphite,  but  furnishes 
water-white  petroleum.  The  recovered  acids  from  nitroglycerine 
or  nitrocellulose  are  yellowish,  but  perfectly  fit  for  being  used 
over  again. 

Waring  and  Breckenbridge  (U.S.  P.  643,578,  of  1900)  purify 
sludge-acid  by  heating  with  about  4  per  cent,  sodium  nitrate  at 
a  temperature  of  15^  to  82^  C;  1  per  cent.  NaNOg  suffices  for 
removing  offensive  odours. 

Friedland  and  Ljubobarski  (Buss.  pat.  6631)  dilute  the  acid-tar, 
skim  off  the  tar,  allow  to  settle,  and  submit  the  clear  liquid, 
brought  to  50^  B.,  to  the  electric  current,  which  oxidizes  the 
carbonaceous  matter  to  CO9. 

Cast-iron  Pans  protected  by  Enamel  or  otherwise. 

It  might  be  thought  that  enamelled  cast-iron  would  be  more 
suitable  for  this  purpose  than  ordinary  cast-iron.  In  fact  Boder 
(Dingl.  Journ.  cxi.  p.  397)  proposed  enamelled  cast-iron  boilers, 
and  indicated  a  special  kind  of  enamel  for  them :  1  part  of 
powdered  burnt  alum,  4  parts  of  red-lead,  and  2  parts  of  pure 
silica  are  to  be  melted  together ;  the  fluxed  mass  is  to  be  cooled 
in  water,  dried,  powdered,  and  15  parts  of  it  intimately  mixed  with 
20  parts  of  pure  silica  and  3  parts  of  tin  oxide.  The  whole  is 
ground  up  with  spirit  of  turpentine,  laid  with  a  soft  hair-brush  on 
the  smoothly  turned  inner  surface  of  the  boiler;  and  this  is 
repeated  three  or  four  times,  each  coat  being  allowed  to  dry  first. 
The  enamel  is  then  fixed  by  fusing  on  as  usual.     But  even  the 
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best  enamel  will  certainly  resist  only  a  very  short  time  the  boiling 
vitriol  and  the  uneven  expansion  and  contraction  of  metal  and 
enamel  at  the  very  greatly  differing  temperatures  which  occur^  and 
his  proposal  has  had  no  practical  success. 

Wolters  (G.  P.  15^639)  stietes  that  by  heating  a  mixture  of 
alkaline  pyrosulphate  with  concentrated  sulphuric  acid  in  iron 
vessels  a  crust  of  iron  sulphide  is  formed  which  protects  the  iron 
during  distillation^  so  long  as  the  pyrosulphate  is  left  in  the  vessel. 

Tate  (Joum.  Soc.  Chem.  Ind.  1894^  p.  208)  mentions  an  appara- 
tus constructed  by  West  in  1883  on  the  continuous  system^  with  an 
enamel  or  porcelain  lining ;  nothing  is  known  as  to  its  success. 

Dyson  (Engl.  pat.  17,699^  1893,  &  27,769,  1896)  has  made  a 
cascade-apparatus,  consisting  of  iron  pans  lined  with  a  special 
enamel,  connected  by  U-shapcd  siphons,  which  carry  the  acid  from 
the  bottom  of  each  vessel  into  the  upper  part  of  the  next.  A  set 
of  18  pans  produces  21  tons  of  strong  acid  per  week.  This 
apparatus  is  to  cost  £250,  and  to  require  6  cwt.  of  coke  per  ton  of 
acid.  Some  more  details  are  given  in  Chem.  Trade  Joum.  xvii. 
p.  339.  Chamber-acid  of  100°  Tw.  is  employed,  and  100  tons  acid 
of  168°  Tw.  is  produced  in  one  apparatus  in  43  days,  with  a 
consumption  of  28^  tons  of  gas-coke;  the  wages  are  £19  9s.  7d., 
or  8s.  lO^d.  per  ton,  which  would  be  greatly  reduced  if  the  same 
men  could  look  after  two  plants.  In  1902  several  plants  on  this 
system  were  in  operation  in  England. 

Seckendorff  (Wagner's  Jahresb.  1855,  p.  56)  proposed  to  concen- 
trate  the  acid  in  flat-bottomed  iron  retorts  completely  surrounded 
by  fire.  The  retorts  are  to  be  filled  with  lead  sulphate,  sand,  or 
gypsum;  chamber-acid  is  to  be  run  in  till  a  paste  is  formed, 
and  the  retorts  are  then  to  be  heated.  The  watery  vapour  first 
appeariDg  is  conducted  into  the  chambers ;  the  concentrated  acid 
coming  after  this  is  to  be  collected  in  glass  or  stoneware  vessels, 
and  is  said  to  be  very  pure,  free  from  iron,  and  as  concentrated 
as  that  from  platinum ;  nor  is  the  iron  retort  said  to  be  acted 
upon  very  strongly.  Probably  this  plan  has  never  been  actually 
tried  at  dl. 

J.  Orindley  (Amer.  pat.  265,495)  recommends  cast-iron  pans, 
protected  at  the  top  by  an  asbestos  cement  against  the  action  of 
the  acid.  The  pan  is  filled  up  to  the  proper  level  with  acid  of 
66^  B.,  and  is  fed  in  such  a  manner  that  the  concentration  never 
sinks  below  65^  B.,  in  which  case  the  pan  is  not  acted  upon. 
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[This  strength^  eqaal  to  less  than  90  per  cent.  H3S04^  is  much 
too  low  to  prevent  action  on  the  iron.  The  corresponding  English 
patent  No.  4709^  1882,  has  not  been  proceeded  with.] 

Flanagan  (£.  P.  3530, 1901)  employs  enamelled  cast-iron  pans, 
with  water-cooled  leaden  hoods,  placed  at  different  elevations. 
There  seems  to  be  no  new  principle  whatever  in  this  invention. 

Concentration  of  Sulphuric  Acid  by  hot  Gases. 

Stoddart  (Chem.  News,  xxiii.  p.  167)  proposed  fo  force  a  current 
of  cold  air  into  sulphuric  acid  heated  in  a  lead  pan ;  acid  of  1^^  Tw. 
is  stated  to  be  obtainable  in  this  way  if  the  temperature  be  150^  C, 
and  the  strongest  oil  of  vitriol  at  a  temperature  of  260°  C.  This 
plan,  if  ever  carried  out  on  a  large  scale,  was  no  doubt  very  soon 
given  up  again.  There  is  no  reason  why  a  current  of  air  should 
not  do  much  more  harm  by  cooling  the  acid  than  it  can  do  good 
by  carrying  away  the  rapour  more  quickly,  the  latter  being  done 
much  better  by  top  fire,  where  there  is  also  no  danger  of  splash- 
ing. It  is  well  known  that  lead  pans  would  not  very  long  stand  a 
temperature  of  260°  C. 

Galletly  (Chem.  News,  xxiv.  p.  106),  who  had  applied  the  same 
principle  independently  of  Stoddart,  only  worked  on  a  laboratory 
scale;  he  admits  that  on  a  large  scale  the  process  did  not  succeed; 
nor  need  we  wonder  at  this,  since  both  he  and'  Stoddart  applied 
cold  air. 

Success  in  this  direction  could  only  be  expected  from  the  appli- 
cation of  hot  air,  which  seems  to  have  been  first  tried  by  Gossage 
in  1850. 

Gossage^s  apparatus  is  fully  described  and  illustrated  in  our 
second  edition,  p.  735  et  seq.  It  consists  of  a  double-sheUed  lead 
tower,  with  an  air-space  between  the  two  shells ;  the  tower  is 
packed  with  pebbles,  over  which  the  dilute  acid  trickles  down,  and 
is  concentrated  by  a  current  of  air,  heated  up  in  a  parallel  series 
of  iron  pipes,  and  passing  through  the  tower  in  a  downward 
direction.  This  apparatus  has  never  come  into  use ;  its  faults  are 
the  following : — ^The  air  must  be  made  nearly  red-hot,  and  thus 
the  upper  lead  pipe  always  melts ;  the  air,  charged  with  vapour^ 
travels  in  the  same  direction  as  the  acid,  and  therefore  again  gives 
up  its  water  to  the  latter  as  it  becomes  more  highly  concentrated  ; 
all  acid  escaping  along  with  the  hot  air  is  lost  in  the  chimney. 
Although  some  of  these  faults  might  be  avoided  by  changing  the 
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details  of  construction,  the  apparatus  seems  never  to  have  been 
employed  in  practical  work. 

Gossage's  plan  has  been  re-invented  by  Cotelle,  without  aii7 
additions  (Chemical  News,  xx.  p.  107). 

S.  T.  McDougall  (Amer.  pat.  289,293)  employs  a  tower,  heated 
from  without,  filled  with  dishes,  over  which  the  acid  flows  down 
whilst  heated  air  ascends  in  the  tower  (comp.  NobeVs  patent, 
p.  855). 

Similar  in  principle,  although  very  different  in  detail,  is  the 
hot-air  concentrator  patented  by  the  International  Yacuum- 
Eismaschinen-Verein  (G.  P.  33,172).  It  does  not  seem  to  have 
answered,  as  the  same  firm  a  year  later  took  out  a  patent 
(No.  38,015)  for  a  totally  different  apparatus,  working  with  steam, 
as  already  mentioned  on  p.  832. 

Finch  (E.  P.  2207, 1886)  combines  an  evaporating-fumace  with 
two  towers  filled  with  refractory  material.  The  furnace-bed  is 
formed  by  a  lead  tank,  lined  with  sheet  asbestos,  and  upon  this 
with  silica  bricks.  The  roof  of  the  furnace  is  formed  of  silica 
bricks  and  covered  outside  with  lead.  The  weak  acid  first 
passes  through  the  towers  and  then  into  the  furnace ;  the  fire- 
gases  make  the  opposite  way.  [It  is  very  unlikely  that  an  ap- 
paratus such  as  described  will  be  able  to  stand  the  wear  and  tear 
of  the  process  for  any  length  of  time.] 

Fontenille  (Germ.  pat.  37,713)  causes  hot  air  to  issue  by  means 
of  many  holes  from  a  pipe  at  the  bottom  of  a  vessel  filled  with 
sulphuric  acid ;  the  vapours  pass  in  a  zigzag  manner  over  several 
plates,  over  which  fresh  acid  is  running  down.  [It  is  not  stated 
what  material  the  vessel  is  to  consist  of.  This  proposal  is  not 
sufficiently  worked  out  to  be  practical,  and  the  utilization  of  the 
hot  air  will  hardly  be  very  efficient.] 

Gridley  (U.S.  P.  No.  240,248)  applies  strong  heat  to  the  under 
surface  of  a  thin  body  of  dilute  acid,  and  at  the  same  time  a  blast 
of  superheated  steam  or  hot  air  to  the  upper  surface,  removing  the 
vapours  as  they  rise. 

Falding  (Engl.  pat.  17,602,  1893 ;  U.S.  P.  541,041)  constructs 
the  pyrites-kilns  with  hollow  walls,  by  which  the  air  passing 
through  is  heated,  and  can  at  will  be  introduced  below  the  grates 
(comp.  p.  307).  The  hot  burner-gases  are  used  for  concentrating 
sulphuric  acid,  by  passing  them  first  into  a  small  tower,  consisting 
of  specially  acid-  and  heat-proof  material  (viz.  Yolvic  lava  of  best 
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quality),  surrounded  by  a  somewhat  distant  lead  sheU  and  packed 
with  quartz.  This  tower  is  placed  between  the  burners  and  the 
Glover  tower,  and  receives  the  acid  coming  from  the  latter,  which 
is  here  concentrated  to  66°  Be.  The  gases  pass  first  into  this 
intermediate  tower,  then  into  the  Glover  tower.  Of  course  this 
acid  is  not  pure.  For  pure  acid  the  concentration  in  the  first 
tower  is  brought  only  to  71*08  per  cent.  SO3;  it  is  then  run  through 
a  platinum  tube  into  iron  stills,  as  shown  p.  882,  where  very  pure 
acid  up  to  76*83  per  cent.  SOg  distils  over,  while  impure  acid  of 
79-18  to  80-00  per  cent.  SO3  (97  to  98  per  cent.  HjSOi)  remains 
in  the  still,  together  with  a  mud  of  ferric  sulphate  and  arsenic. — 
Falding  thus  applies  the  Glover  tower  to  concentrate  sulphuric 
acid  to  higher  strengths  than  is  done  in  the  ordinary  Glover  tower, 
by  constructing  it  with  special  care ;  but  although  he  succeeded  in 
getting  acid  up  to  about  90  per  cent.  H2SO4,  his  plan  has  not 
found  much  application  (comp.  Quinan's  plan,  infrh,  p.  912). 

The  only  hot-air  process  which  has  been  thoroughly  worked  out, 
and  is  now  introduced  in  many  factories,  is  that  of  L.  Kessler 
(Engl.  pat.  19,215,  1891,  and  26,169,  1898).  I  am  indebted  for 
the  following  particulars,  as  well  as  the  drawings,  figs.  411  to  413 
(pp.  905, 906)  to  the  inventor,  and  I  have  myself  seen  the  process 
in  operation  at  Clermont-Ferrand  and  in  several  other  places. 

The  task  in  question  requires  several  conditions  to  be  fulfilled. 
The  current  of  hot  air  must  be  brought  into  contact  with  a 
sufSciently  large  surface  of  liquid  to  immediately  reduce  its  tem- 
perature to  a  great  extent.  The  air  must  thus  become  completely 
saturated  with  steam  and  acid-vapour.  The  apparatus  must  not 
merely  resist  the  action  of  the  hot  air  and  hot  acid,  but  it  must  be 
constructed  in  such  a  manner  that  the  inevitably  formed  deposits 
and  crusts  do  not  give  any  trouble.  Under  these  circumstances 
the  acid  can  be  concentrated  far  below  its  boiling-point.  In  order 
to  produce  acid  of  95  per  cent.,  boiling  at  284°  C,  the  temperature 
need  not  exceed  170°  or  180°;  for  the  most  highly  concentrated 
acid,  boiling  at  320°,  200°  to  230°  is  sufficient. 

In  order  to  denote  both  functions  of  this  part  of  the  apparatus 
visible  at  c,  Kessler  calls  it  a  '^  saturex,'^  because  it  saturates  the 
fire-gases  with  acid-vapours,  and  it  quenches  the  greatest  part 
of  their  heat.  The  gases  enter  the  "  saturex  "  at  300°  to  450""  C, 
and  leave  it  at  150°.  The  acid-vapour  contained  therein  is  kept 
back  in  the  "  recuperator ''  mounted  above  the  "  saturex.*'     This 
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part  of  the  apparatus  exactly  resembles  the  dephlegmating  columns 
employed  in  the  rectification  of  spirit  of  wine.  It  is  fed  with 
chamber-acidi  previously  employed  for  cooling  the  hot,  strong 
acid  issuing  from  the  "  saturex.'^  This  acid  is  divided  over  the 
numerous  holes  of  the  top  plate^  and  gradually  descends  on  to  the 
four  lower  plates  of  the  recuperator.  In  doing  so  it  meets  the 
hot  air  and  vapour  issuing  from  the  saturex,  and  drawn  through 
the  liquid  acid  by  applying  suction  at  the  end.  In  the  recuperator 
the  temperature  sinks  to  85^  C. :  this  causes  nearly  the  whole  of 
the  acid-vapour  to  condense,  while  the  steam  is  not  condensed^  nor 
is  there  much  fresh  steam  formed  here.  This  is  important,  since 
any  concentration  of  the  acid  in  this  place  would  cause  deposits 
which  would  soon  obstruct  the  holes  in  the  plates. 

Although  tlie  gases  escaping  from  the  recuperator  contain  next 
to  no  real  acid-vapour,  they  contain  some  acid  in  the  shape  of  mist, 
as  well  as  some  vapour  of  sulphuric  anhydride.  This  mist  is 
retained  by  two  boxes  filled  with  dry  coke  in  pieces  about  the  size 
of  a  pea  (comp.  infra,  p.  908)  ;  a  little  water  condensing  here 
converts  the  SO3  into  SO4H2.  The  weak  acid  thus  formed  maybe 
passed  through  the  recuperator.  The  gases  now  issue  into  the  air, 
moderately  warm  and  perfectly  free  from  acid,  but  charged  with 
all  the  steam  driven  out  of  the  chamber-acid.  The  distilling  acid 
is  thus  completely  condensed  without  the  necessity  of  employing 
any  cooling-water. 

Figs.  411  and  412  show  the  apparatus.  Fig.  411  is  a  longitudinal 
section  through  line  J  K;  fig.  412  a  cross  section  through  the 
'^saturex^'  according  to  line  m  n;  fig.  413  an  enlarged  section 
through  some  of  the  plates  of  the  *^  recuperator/'  a  is  the  fire- 
place, here  shown  as  a  simple  grating,  but  in  reality  a  gas- 
producer,  with  gas-coke  as  fuel.  The  fire-gases  pass  through  a 
cast-iron  pipe  b,  flattened  below  so  as  to  cover  the  whole  breadth 
of  the  saturex  c.  This  is  a  trough^  composed  of  acid-proof  stone 
slabs,  surrounded  by  a  thick  lead  jacket  and  placed  upon  an  open 
foundation.  The  stone  must  resist  hot  acid  and  hot  gases,  e.  g. 
Volvic  lava;  but  even  if  it  were  somewhat  porous,  the  lead  jacket 
would  retain  any  acid  penetrating  through  the  stone,  a  little  sand 
being  put  between  the  stone  and  lead.  The  latter  in  actual  work 
feels  only  moderately  hot.  Between  the  bottom  and  the  cover  of 
the  ''  saturex  ^'  there  are  several  thin  partitions,  d  d,  which  force 
the  fire-gases,  entering  at  300°  or  450°  C,  to  circulate  over  the 
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level  of  the  acid  in  c ;  when  passing  from  one  of  these  flues  to 
another  they  are  forced  almost  through  the  acid  itself^  and  are  there- 
fore quickly  brought  down  to  150°  C. ;  the  acid  just  as  quickly 
gives  up  its  water  and  even  some  acid-vapour^  and  continuously 
runs  off  at  y  in  the  concentrated  state  into  a  cooler  o. 

The  ''  recuperator  '^  contains  three  lower  stone  plates,  eee,  and 
two  upper  lead  plates^  c^  d,  all  of  them  arranged  as  shown  in 
fig.  413.  Each  plate  has  100  holes  with  somewhat  raised  margins^ 
so  that  a  thin  layer  of  acid  remains  standing  upon  it.  The 
cups^  Qyg^  made  of  porcelain  with  jagged  edges,  produce  a  hydraulic 
seal  or  at  least  a  great  resistance  to  the  passage  of  the  air.  The 
acid  arrives  as  chamber-acid  of  spec.  grav.  1*58  through  pipe  x^ 
and  by  the  overflows  //  it  runs  from  one  plate  to  another,  finally 
into  the  saturex.  The  gases  coming  from  the  latter  are  by  an 
injector  drawn  through  the  holes,  from  underneath  the  porcelain 
cups  g  gy  and  are  thus  brought  into  intimate  contact  with  the 
liquid.  T  r'  are  thermometers,  which  serve  for  regulating  the 
work :  the  lower, r, ought  to  show  about  150°C. ;  the  upper,  r',  about 
85^  C.  «  is  a  pressure-gauge  for  the  aspiration ;  h  the  pipe  leading 
to  the  coke-boxes.  The  concentration  can  be  driven  to  98  per  cent. 
H2SO4,  and  the  most  impure  Glover  acid  can  be  used,  because  in 
the  recuperator  there  is  no  evaporation,  and  therefore  no  formation 
of  crusts  ;  and  in  the  saturex  the  latter  can  collect  for  a  long  time 
without  interfering  with  the  process,  and  can  be  removed  through 
cleaning-holes  with  hardly  any  interruption  of  the  work.  The 
fuel  consumed  is  8  parts  small  gas-coke  for  the  gas-producer  and 
3  or  4  parts  coal  for  raising  steam  for  the  exhauster,  to  produce 
100  parts  acid  of  1*838  from  such  of  1*58.  There  is  no  weak  acid 
and  no  cooling-water ;  the  apparatus  takes  up  very  little  space  and 
requires  hardly  any  repairs.  The  acid  is  quite  limpid  and  free 
from  nitrogen  compounds. 

In  1902  quite  a  number  of  Kessler  furnaces  were  at  work 
in  England,  and  they  were  exceedingly  well  spoken  of,  both  by  the 
proprietors  of  the  works  and  the  Alkali  Inspectors.  Comp.  e.  g. 
Alkali  Report  No.  38,  pp.  74  &  146. 

The  Kessler  furnace  gives  no  trouble  of  any  kind ;  the  escape  of 
acid  in  the  "  vesicular ''  form  is  entirely  prevented  by  the  dry- 
coke  scrubbers,  and  there  is  no  loss  by  weak  distilling  acid,  all  of 
this  being  recovered  in  the  ''  recuperator.''  Even  acid  of  100°  Tw. 
can  be  brought  in  one  operation  to  a  strength  of  95  per  cent. 
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HjS^  and  perfectly  limpid.  This  apparatus  has  found  extensive 
application  during  late  years^  both  in  England  and  on  the  Con- 
tinent^ and  has  replaced  many  other  systems. 

A  patent  of  Dreyfus  and  the  Clayton  Aniline  Co.  (B.  P.  788, 
of  1902)  has  a  similar  object  as  Kessler's  ''  Recuperator/^  but 
deals  with  acid-vapours  by  themselves,  unmixed  with  flue-gases 
and  without  the  use  of  an  exhauster  or  ejector.  These  vapours  are 
conducted  against  the  weaker  acid  run  in  for  feeding  the  concen- 
trating  apparatus,  for  instance  in  an  acid-proof  column  from 
4  to  8  feet  high,  containing  acid-proof  material.  The  distilling 
vapours  enter  at  the  bottom^  and  no^  or  but  very  little,  weak  acid 
or  noxious  fumes  issue  at  the  top.  They  prefer  the  apparatus 
described  in  specification  No.  11^544^  1898  (comp.  p.  889),  to  be 
connected  with  this  contrivance,  but  any  other  arrangement  may 
be  used. 

In  1900  Kessler  patented  a  modified  apparatus  (E.  P.  No» 
21,376)  for  the  same  purpose.  This  apparatus^  called  a ''  Badiateur/^ 
is  shown  in  figures  414  to  419.  Its  salient  feature  consists  of  fire- 
proof slabs^  heated  from  above  and  radiating  that  heat  upon  a  thin 
stratum  of  acid  placed  a  little  below,  a  is  a  fireplace  for  coke 
or  coal  j  d,  e,fj  g,  h,  the  flues  through  which  the  fire-gases  travel 
before  reaching  the  chimney  i.  o  is  an  arch  from  which  the  hot 
fire-gases  radiate  below  upon  the  slabs  d ;  through  /  they  rise 
into  flue  ff,  covered  by  cast-iron  plates  k,  upon  which  the  lead 
-pBHsjj  efEect  the  ordinary  preliminary  concentration. 

The  acid  to  be  concentrated  is  kept  in  a  flat  trough  c  made 
of  Volvic  lava,  or  other  material  refractory  to  hot  acids,  with 
joints  made  tight  by  means  of  asbestos  cement.  This  vat  is 
surrounded  by  another  vat,  r,  made  of  lead  and  resting  on  iron 
rails,  8.  The  surface  of  the  acid  in  c  is  kept  at  a  distance  of  from 
2  to  6  centimetres  from  the  slabs  ddhy  means  of  a  valve  in  the 
entrance-pipe.  The  acid  comes  from  the  pans^y  through  siphon 
ff  and  enters  through  pipes  y  y  into  an  acid-proof  chamber  m, 
filled  with  silex  fragments  and  jacketed  with  lead.  The  vapours  not 
condensed  here  pass  into  a  second  chamber,  /,  made  of  lead  and  filled 
with  dry  coke  (beginning  with  large  pieces,  gradually  diminishing 
to  the  size  of  a  grain  of  wheat),  where  the  vapours  are  scrubbed 
and  all  the  sulphuric  acid  is  retained.  This  weak  acid  passes 
back  through  p  into  the  pans  j  j,  or  elsewhere.  From  /  rises  a 
lead  pipe,  t«,  in  which  artificial  draught  is  produced  by  injector  v 
to  such  an  extent  as  to  balance  the  suction  of  chimney  i.     2  is 
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a  lead  cooler  with  hydraulic  joint  (similar  to  that  employed  in 
Kessler's  hot-air  apparatus)  ;  1  a  running-off  pipe  for  the  concen- 
trated acid^  made  of  Yolvic  lava  covered  with  cooled  lead^  burnt 
on  one  side  to  the  lead  acid-basin  and  on  the  other  side  to  the 
cooler  2.     3  is  a  lead  pot  for  collecting  the  acid. 

The  process  is  worked  as  follows : — The  acid  is  concentrated  in 
pans  j  j  to  60°  or  62°  B.,  and  passes  into  the  Glover-like 
scrubber  m,  where  it  meets  the  vapours  formed  underneath 
the  slabs  d  d.  It  arrives  hot  in  the  trough  c,  where  it  is 
concentrated  by  radiant  heat  as  it  flows  forward^  so  that  it  issues 
at  full  strength  through  1  into  cooler  2.  The  vapours  are  partly 
condensed  in  the  silex  scrubber  m,  by  contact  with  the  acid  running 
through  it^  and  then  pass  through  the  dry-coke  scrubber  I,  from 
which  the  condensed  acid  runs  away  through  p.  The  draught 
in  u  is  regulated  in  such  a  manner  that  the  air  cannot  take  the 
opposite  way^  down  u  and  through  the  interstices  in  the  slabs  into 
chimney  u  It  is  also  possible  to  allow  some  of  the  fire-gases  to 
pass  underneath  the  slabs  d  d,  by  means  of  interstices  left  on 
purpose,  preferably  near  the  entrance  of  the  acid.  Even  all  the 
gases  may  be  conducted  this  way^  but  then  the  chambers  m  and  / 
must  be  made  much  larger.  In  this  case  the  heating  must  be 
done  with  coke ;  but  if  the  slabs  d  d  are  closely  jointed^  or  if 
the  draughts  are  properly  regulated^  wood^  coal,  oils,  or  tar  may  be 
employed  as  fuel. 

Zanner  (B.  P.  2379,  1902)  employs  cast-iron  pans,  lined  with 
acid-proof  slabs,  the  joints  being  cemented  with  asbestos  cement, 
the  comers  8z;c.  being  strengthened  by  protecting  pieces  so  that 
the  primary  joints  are  nowhere  exposed  to  the  acid.  These  pans 
are  placed  in  the  flues  leading  the  gases  away  from  the  pyrites-kilns 
and  are  fed  with  Olover-tower  acid,  which  is  thus  broughk  up  to 
93  p.  c.  H2SO4  without  any  extraneous  fuel,  according  to  the 
assertion  of  the  inventor.  To  protect  the  acid  from  flue-dust, 
the  pans  are  covered  with  perforated  iron  (?)  or  fire-clay  slabs. 
The  acid  is  compelled  to  flow  in  a  zigzag  direction  by  means  of 
suitable  partitions. 

According  to  information  received  from  the  inventor  in  February 
1902,  a  set  of  two  pans,  1900  x  400  mm.,  is  capable  of  supplying 
per  diem  4  tons  of  acid  of  66°  B.  from  a  mixture  of  ^  Glover- 
tower  acid,  ^  chamber-acid.  The  pans  had  been  working  continu- 
ously for  five  months,  except  two  cleaning  shifts  purposely  inter- 
posed.    The  weak-acid  pan  lasted  five  months,  the  strong-acid  pan 
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seyen  months,  and  both  might  have  Listed  longer  if  mistakes  bad 
not  been  made  in  the  lining  which  can  be  easily  avoided  in  future* 

Fig.  420. 


Fig.  421. 


The  acid  obtained  was  clear  and  but  slightly  yellow.  The  tempera- 
ture in  the  gas-flue  containing  the  pans  was  about  400°  0.  The 
cost  of  renewing  the  pans  (of  course  there  is  nothing  to  pay  for 
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fuel)  up  to  the  present  amounts  to  Is.  6d.  per  ton  of  concentrated 
acid,  apart  from  patent  royalty. 

Figs.  420  to  422  show  this  apparatus.     In  the  flue  d^  on  iron 
bearers  c  and  b,  rest  the  cast-iron  pans  a,  lined  with  stoneware 
plates  €,  cemented  with  asbestos  and  silicate  of  soda.     The  size  of 
the  plates  is  chosen  in  such  a  manner  that  the  joints  are  covered 
by  the   upright  stone  plates  g,  which  hold  down  the  bottom 
plates  in  their  places,  and  which  al^  cause  the  acid  to  run  in  a 
zigzag  stream,  by  the  openings  i  i  (comp.  the  sectional   plan 
fig.  422).      The  corners  are  secured  by  stones  /  /,  so  that  no 
primary  joints  are  exposed  to  the  acid.     The  pans  are  covered  by 
plates  0,  with  holes  n,  protected  against  flue-dust  by  caps  m. 
Where  acid  of  97  or  98  p.  c.  is  to  be  made,  several  pans  are  combined, 
the  first  of  which  has  no  stoneware  lining  on  its  bottom.     The  acid 
is  fed  in  by  the  porcelain-lined  iron  tube  A,  and  it  leaves  by  the 
cast-on  lip  k  lined  with  stoneware  passing  through  the  brickwork  /. 
The  steam  and   acid-vapours*  pass   along  with   the  pyrites-kiln 
gases  into  the  Glover  tower ;  also  any  nitrous  vapours,  when  waste 
nitrating  acids  (from  nitrobenzene,  nitroglycerine,  &c.)  are  to  be 
concentrated.     It  is  best  to  provide  a  by-pass  for  the  kiln-gas,  for 
the  purpose  of  cleaning  or  repairing  the  pans.     The  yield  of  acid 
of  55  J°  B.  per  square  metre  (10*76  square  feet)  of  pan-bottom  per 
24  hours  is  from  30  to  48  cwt.,  according  to  the  heat  of  the  gases 
and  the  feeding-acid,  and  its  previous  concentration.     Much  more 
work  could  be  performed  when  working  the  apparatus  with  a 
vacuum ;  and  it  can  be  also  worked  by  any  other  source  of  heat. 
There  is  absolutely  no  expense  for  fuel,  and  next  to  none  for 
supervision ;  the  cost  of  plant  is  veiy  slight. 

W.  R.  Quinan  (U.S.  P.  699,011 ;  Joum.  Soc.  Chem.  Ind.  1902, 
p.  772)  constructs  behind  the  pyrites-kilns  a  '^  mixing-chamber,'' 
provided  with  an  iron  roof,  covered  with  infusorial  earth  or  the  like, 
which  near  its  top  leads  to  an  ascending  inclined  flue,  the  bottom 
of  which  is  formed  of  steps  made  of  Volvic  lava.  These  steps 
possess  upwardly  extending  flanges  at  the  back  and  sides,  and  a 
downwardly  extending  lip  or  flange  at  the  firont  end,  overlapping 
the  back  flange  of  the  next  lower  step.  This  inclined  flue  may 
be  connected  directly  with  the  first  chamber  or,  preferably, 
with  the  Glower  tower,  from  which  the  acid  runs  down  the 
Velvic  steps,  and  arrives  in  a  highly  concentrated  state  in  the 
mixing-chamber. 
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Concmiration  of  Sulphuric  Acid  in  Vacuum- 
Retorts. 

A  very  interesting  concentrating  method,  including  the  use  o£ 
Field  tubes,  formed  part  of  an  ingenious,  but  over-complicated 
system  of  the   manufacture  of  sulphuric  acid   invented   by  De 
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Hemptinne,  of  Brussels,  and  described  at  length,  vith  diagrams, 
ill  our  first  edition,  pp.  507  to  513,  to  which  description  we  simply 
refer,  as  De  Hemptiniie's  process  has  never  been  carried  out  in 
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full  and  is  decidedly  impracticable.  Another  ingenious  process 
of  his^  described  and  illustrated  in  our  first  edition^  pp.  513  to  516 
seeks  to  carry  out  an  idea  previously  proposed  by  several  other 
inventors,  e.  g,  Kuhlmann  (in  1844),  viz.  concentrating  sulphuric 
acid  in  a  partial  vacuum^  and  thus  reducing  the  temperature  to 
such  a  point  that  the  whole  operation  can  be  carried  on  in  lead. 
As  this  process,  which  was  actually  at  work  for  some  time,  has 
not  proved  successful,  we  also  refer  for  it  to  our  first  edition. 
A  fiirther  modification  of  his  plan  has  been  described  by  De 
Hemptinne  in  the  '  Bulletin  du  Musee  de  ^Industrie  de  Belgique,^ 
January  1882. 

Of  more  modern  forms  of  leaden  vacuum-apparatus  we  shall 
mention  that  of  Krell  (G.  P.  118,880).  The  acid  flows  through  a 
lead  pipe  a,  fig.  423  (p.  913),  heated  by  an  oil-bath  b.  Pipe  a  is 
stifiened  inside  against  atmospheric  pressure  by  diaphragms  c  c, 
leaving  passages  for  the  acid  in  such  a  manner  that  the  acid  must 
proceed  in  a  zigzag  course,  and  provided  with  communications  in 
their  upper  part  for  the  vapours.  At  the  bottom  of  pipe  a  lies  a 
perforated  pipe  /,  through  which  hot  gases  may  be  introduced  for 
the  purpose  of  hastening  the  concentration. 

The  unperforated  diaphragms  ffi  stiffen  the  pipe  and  divide  the 
steam-space  into  three  compartments,  connected  through  h  hi  h^ 
with  a  common  vacuum-pipe  i.  In  this  way  the  coolers  k  ki  k^  will 
condense  acids  of  various  strengths.  The  acid  entering  as  chamber- 
acid  of  50°  B.,  leaves  as  acid  of  64°  or  65°  B.  [that  is,  we  must 
notice,  only  86  to  90  p.  c.  H2SO4  !]  and  descends  through  a  pipe  m, 
which  must  be  at  least  17  feet  long,  into  a  collector  n.  By  sur- 
rounding m  with  a  jacket  0,  the  heat  of  the  outflowing  acid  can  be 
utilized  for  heatiug  up  the  chamber-acid.  Oil-bath  b  is  heatec 
indirectly  by  means  of  coil  q,  heated  by  a  fire  /?,  and  connected  at 
both  ends,  r,  s,  with  the  oil-bath  in  such  a  manner  that  a  constant 
circulation  takes  place.  [According  to  private  information,  Krell 
employs  lead  alloyed  with  a  little  copper^  as  recommended  by  me 
for  higher  temperatures  and  strengths,  comp.  p.  209.] 

Casl'iron  retorts  are  also  used  to  concentrate  sulphuric  acid  in 
a  vacuum,  starting  from  such  strengths  at  which  the  cast-iron  is 
not  yet  acted  upon. 

Fig.  424  shows  the  shape  of  cast-iron  vacuum-retorts  used  in 
Germany  for  sulphuric  acid  with  great  success  and  furnishing  very 
high-strength  acid.     Such  a  retort  weighs  about  7^  tons. 
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I.  Meyer  (G.  P.  71,580)  combines  a  lead  vessel  with  an  iron 
vessel ;  the  latter^  which  receives  the  acid  in  an  already  concentrated 
state^  communicates  with  the   air-pump.       The   pan-bottom  is 

Fig.  424. 


Scale  1 :  30. 


slightly  inclined  to  one  side.  The  dilute  acid  comes  in  contact 
only  with  lead^  the  strong  acid  with  iron  or  platinum.  The  con- 
centrating-apparatus  is  best  connected  with  a  distilling-apparatus 
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working  at  the  same  vacuum,  and  continually  receiving  the  con- 
centrated acid  through  a  siphon. 

Brown  and  Georgeot  (French  pat.  241,815)  state  a  theory  as  to 
the  concentration  in  vacuo  in  which  there  is  nothing  new. 

The  Kommanditgesellschaft  L.  Kaufmann  &  Co.  (G.  P.  134,773) 
concentrate  sulphuric  acid  in  a  cast-iron  vacuum-still  by  means  of 
a  steam-jacket  or  gaseous  fuel,  driving  it  over  the  heating-surface 
in  layers  of  only  10  to  15  millimetres  depth  by  means  of  stirrers 
almost  touching  the  metal,  with  such  a  velocity  that  the  con- 
centrated acid  by  its  centrifugal  force  can  issue  continuously 
in  spite  of  the  vacuum.  By  the  above  treatment  the  steam- 
bubbles  are  more  easily  detached  from  the  solid  surfaces. 

Cast-iron  vacuum-retorts  are  most  suitable  for  treating  the 
dirty  acid  (acid-tar,  sludge-acid)  formed  in  the  chemical  treatment 
of  mineral  oils  (comp.  p.  897).  This  acid,  when  boiled  for  some 
time,  chars  most  of  the  organic  substances  dissolved  by  it,  and  is 
at  the  same  time  concentrated.  But  in  this  process  much  of  it, 
sometimes  nearly  20  per  cent.,  is  reduced  to  SOg  (comp.  p.  898), 
which  causes  not  merely  loss,  but  also  great  nuisance,  unless  the 
SO2  can  be  re-converted  into  SOs  (comp.  Chapt.  XI.)  or  otherwise 
utilized.  This  difficulty  is  overcome  by  the  employment  of  vacuum- 
retorts.  The  considerable  lowering  of  the  boiling-point  thus 
produced  causes  the  action  of  the  acid  on  the  organic  substance  to 
be  much  less  and  of  a  different  kind.  There  is  only  about  3  per 
cent,  lost  as  SO2,  and  the  organic  substance  is  converted  mostly 
into  a  carbonaceous  substance  which  can  be  removed  by  filtration 
through  sand.  The  acid  thus  made  is = 66^  B. ;  it  is  dark-coloured, 
but  quite  fit  to  be  used  over  again  for  the  refining  of  mineral  oils. 

Kynoch  &  Co.  and  Cocking  (E.  P.  28,891^  1896)  employ  cast- 
iron  retorts  working  with  a  vacuum  for  the  concentration  of 
waste  acid  from  nitroglycerine. 

Concentration  of  Sulphuric  Acid  by  Electricity. 

Bucherer  (Chem.  Zeit.  1893,  p.  1597)  makes  the  following 
calculation : — The  production  of  100  kil.  acid  of  66°  B.  from 
117  kil.  acid  of  60°  B.  requires  32,679  large  calories,  corre- 
sponding to 

32679x4-2x10''       , .  n    1    *  -    1  u  t>  1 

— ^iTT^ — wTTi^ =  44'2  electrical  H.r.  hours : 

736x3600  ._  ^ 
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calculating  the  electrical  H.P.  liour=^rf.,  the  above  is  equal  to  ^1 
per  ton  (on  the  large  scale).  Further  estimates  of  the  amperage 
and  voltage,  the  platinum  surface,  &c.  must  be  passed  over  here 
as  being  entirely  hypothetical. 

Haussermann  and  Niethammer  (Chem.  Zeit.  1893,  p.  1907)  have 
made  actual  experiments  on  this  point.  As  might  be  expected, 
only  alternating  currents  can  be  employed,  since  otherwise  an 
electrolysis  takes  place.  The  concentration  is  very  easy,  but 
requires  1490  watt-hours  per  kil.  This  seems  to  exclude  every 
possibility  of  practical  application. 

Peuchen  and  Clarke  (Engl.  pat.  24,739,  1893)  propose  both 
purifying  and  concentrating  sulphuric  (and  acetic)  acid  by  the 
electric  current,  eventually  proceeding  up  to  distillation.  They 
proposed  electrodes 'mechanically  revolving  round  a  hollow  shaft 
within  the  boiling  acid !  A  fresh  patent  of  theirs  (Germ.  pat. 
83,526)  describes  stationary  electrodes  for  the  same  purpose. 

Wacker  (Engl.  pat.  3183,  1895)  proposes  concentrating  sul- 
phuric acid  by  electricity,  with  introduction  of  SO2. 

General  Remarks. 

Loew  (Zsch.  angew.  Ch.  1896,  p.  259)  gives  some  calculations 
with  respect  to  the  work  done  by  concentrating-apparatus  for 
sulphuric  acid.  In  the  case  of  platinum  stills  the  work  performed 
is  in  inverse  proportion  to  the  strength  of  the  acid  distilling  off; 
the  stronger  the  distillate,  the  less  concentrated  acid  is  produced, 
although  even  more  fuel  is  consumed  in  the  former  case.  Any 
contrivances,  like  Prentice's  corrugated  bottoms  or  partitions, 
inside  a  long  still  which  diminish  the  mixture  of  the  dilute  acid 
entering  and  the  concentrated  acid  leaving  the  still  are  useful  in 
this  direction.  Turning  to  the  concentration  by  hot  air  or  fire-gases, 
we  can  calculate  the  amount  of  fuel  required,  if  we  ascertain  the 
necessary  data.  Thus,  for  instance,  if  the  gas  leaves  the  apparatus 
at  a  temperature  of  80^,  and  saturated  with  steam,  we  shall  require 
6*12  parts  of  carbon  to  produce  100  parts  acid  of  95*6  per  cent,  from 
the  corresponding  quantity  of  acid  of  64'5  per  cent.,  assuming  the 
latter  to  enter  at  20^  C.  and  the  former  to  issue  at  its  boiling-point. 
Fuel  producing  steam  during  its  combustion  is  less  advantageous 
than  coke. 

Monohydrated  Sulphuric  Acid. 

For  some  purposes  sulphuric  acid  containing  no  water,  or  hardly 
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any^  and  corresponding  as  nearly  as  possible  to  the  formula 
H2SO4,  is  required.  Such  acid  is  extremely  useful  in  certain 
nitrating  and  sulphonating  operations^  connected  both  with  the 
manufacture  of  explosives  and  that  of  colouring-matters.  So 
great^  indeed,  has  been  the  want  of  such  a  monohydrated  acid, 
that  many  manufacturers  made  it  from  ordinary  rectified  oil  of 
vitriol  and  Nordhausen  fuming  acid,  in  which  case  the  SOg  con- 
tained in  the  Nordhausen  acid  combines  with  the  excess  of  water 
existing  in  the  rectified  O.V.  to  form  H3SO4.  This  was,  however, 
formerly  a  costly  process,  as  is  shown  in  our  2nd  edition  pp.  738 
and  739,  and  therefore  I  worked  out  another  process.  At  the 
present  day  the  cheapening  of  fuming  O.V.  produced  by  the 
contact  method  makes  this  process  unnecessary,  but  as  it  is  carried 
out  on  a  new  principle  we  shall  retain  its  description  here. 

My  proposal,  freezing  out  the  monohydrate  from  good  rectified 
O.V.  (E.  P.  96,  1883,  and  4430,  1887,  the  former  communicated 
to  Walter  Weldon,  the  latter  to  John  Brock),  has  been  carried  out 
with  full  success  at  several  alkali-works. 

Sulphuric  acid  is  concentrated  in  platinum  or  iron  stills  to  97 
per  cent.  H2SO4,  or  a  little  more,  if  convenient,  and  is  then  cooled 
down  in  the  usual  manner.  It  is  then  conveyed  by  air-pressure 
or  in  any  other  suitable  manner  to  the  store-tank  A,  placed  at  a 
somewhat  higher  level  than  the  '^  charging -box  '^  B  of  the  freezing, 
machine  (figs.  425-428) .  Instead  of  running  the  acid  directly  finom 
A  into  B,  it  is  conveyed  down  to  the  ground-level  in  a  conduit  C, 
in  which  is  interposed  a  cooling-worm  or  other  refrigerating  con- 
trivance D.  The  pipe  C,  with  an  interposed  shutting-off  tap  E, 
rises  a  little  above  the  top  of  the  charging-box  B,  and  then 
descends  into  the  top  of  this  box.  The  object  of  tap  E  is  to  shut 
off  the  communication  between  A  and  B  during  the  time  a  charge 
is  being  blown  out  of  B. 

The  charging-box  B  is  made  of  iron  and  of  such  a  shape  that  it 
stretches  from  side  to  side  right  across  the  tank  containing  the 
freezing-cells.  It  is  divided  by  vertical  partitions  into  the  same 
number  of  divisions  as  that  of  one  row  of  iron  freezing-cells  G, 
and  each  of  these  divisions  is  made  of  such  size  that  on  blowing 
out  its  contents  it  exactly  tills  one  of  the  cells  6  to  a  suitable 
height.  The  partitions  do  not  reach  quite  up  to  the  lid  of  the 
charging-box  B,  so  that  all  the  divisions  are  filled  by  the  supply- 
pipe  C  from  the  store-tank  A,  and  their  contents  are  forced  out 
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simultaneously  by  means  of  the  compressed  air  acting  through  a 
pipe  E  inserted  into  the  lid  of  the  charging-box.  Pipe  K  rises  to 
a  higher  level  than  the  top  of  the  store-tank  A  before  descending 
to  the  air-pump  ;  consequently  when  A  is  put  into  communication 
with  B^  the  acid  fills  the  entire  box  B  and  rises  in  the  air-pipe  K 
up  to  the  level  of  the  store-tank,  but  it  cannot  overflow  into  the 
air-pump.  Pipe  K  is  provided  with  two  taps,  of  which  L  commu- 
nicates with  the  air-pump,  and  M  with  the  open  air;  the  latter 
tap  is  opened  while  the  box.is  being  charged  with  acid,  and  is  shut 
immediately  afterwards. 

Each  of  the  divisions  of  box  B  is  provided  with  a  discharge- 
pipe  H,  which  begins  immediately  over  the  curved  bottom  of  the 
box^  passes  out  of  the  lid,  and  rises  upwards  so  far  that  no  acid  can 
overflow  during  the  charging  of  B  from  the  store-tank  A.  The 
discharge-pipes  H  H  then  descend  side  by  side,  so  that  the  lower 
end  of  each  is  just  above  one  of  the  freezing-cells  G.  Thus^  as 
soon  as  the  compressed  air  begins  to  act  upon  the  surface  of  the 
acid  contained  in  the  box,  all  the  discharge-pipes  begin  to  play 
simultaneously,  and  all  the  freezing-cells  belonging  to  that  parti- 
cular row  are  filled  at  the  same  time.  When  this  has  been  done, 
a  leaden  dish  J  is  brought  underneath  the  ends  of  the  pipes,  to 
catch  the  acid  draining  out  of  them  and  convey  it  away.  The 
row  of  freezing-cells,  which  is  suspended  in  an  iron  frame  N,  is 
moved  by  means  of  a  travelling-crane  O  to  the  other  end  of  the 
freezing-tank  F,  which  contains  a  number,  say  10  or  15,  of  such 
rows  of  freezing-cells.  The  space  between  the  cells  is  filled  with  a 
solution  of  calcium  chloride,  kept  at  a  low  temperature,  say  —  20°  C, 
or  somewhat  more  or  less,  by  means  of  any  convenient  cold- 
producing  machine.  Each  time  a  fresh  row  of  cells  has  been  filled 
the  frames  containing  the  other  rows,  which«  rest  on  pulleys^  are 
moved  towards  the  front  end  of  the  tank,  so  as  to  allow  of  the  last 
row  of  cells  being  lowered  into  the  back  part  of  the  freezing-tank. 

When  the  row  of  cells  which  has  been  longest  in  the  freezing- 
tank  has  been  sufficiently  cooled  down,  it  is  lifted  out  by  means  of 
the  travelling-crane  O.  The  cells  are  then  dipped  for  a  few 
seconds  in  a  vessel  containing  warm  water,  in  order  to  detach  the 
frozen  mass  from  the  sides  of  the  cell  by  superficial  fusion ;  and 
when  this  has  been  effected  the  cells  are  lifted  out  and  are  tilted 
into  a  spout  or  trough  P,  care  being  taken  to  prevent  any  of  the 
water  adhering  to  the  outside  of  the  cell  getting  into  the  spout. 
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The  spout  P  contains  an  Archimedian  screw  Q,  which  crushes  up 
the  frozen  mass  and  conveys  it  into  a  cast-iron  centrifugal  machine 
R,  placed  beside  the  apparatus.  The  cells  G  are  then  righted 
again  and  are  ready  to  receive  another  charge  of  rectified  oil  of 
vitriol.  By  the  action  of  the  centrifugal  machine  R  the  frozen 
mass  is  rapidly  separated  into  a  white  crystallized  mass  of  mono- 
hydrated  sulphuric  acid  and  a  mother-liquor  consisting  of  less 
concentrated  acid.  The  latter  is  either  sold  in  this  state  (it  is 
equal  in  strength  to  good  rectified  O.V.),  or  is  brought  up  to  full 
strength  by  the  ordinary  processes  of  concentration.  The  solid 
monohydrate  is  scooped  out  of  R  into  a  pan  S,  made  of  iron 
enamelled  inside^  and  surrounded  by  a  warm-water  jacket ;  here 
it  is  melted  and  is^  by  means  of  a  tap^  run  out  into  carboys  or 
other  vessels  intended  for  storing  and  carrying  the  product. 

The  just  descriBedVprocess  for  manufacturing  monohydrated 
sulphuric  acid  by  freezing  was  carried  out  on  a  large  scale  in 
Germany  (Griesheim),  France  (Petit-Quevilly),  and  England 
( Widnes)  and  worked  for  many  years.  Only  in  1900  it  was  given 
up  at  Griesheim^  having  become  unremunerative  through  the 
cheapening  of  fuming  sulphuric  acid  in  consequence  of  the  develop- 
ment of  the  contact  processes  for  the  manufacture  of  sulphuric 
anhydride. 

Osterberger  and  Capelle  describe  this  process^  as  carried  out  at 
Petit-Quevilly,  almost  exactly  as  above  (Bull.  Soc.  ind.  Rouen^ 
1889,  p.  307  ;  Joum.  Soc.  Chem.  Ind.  1890,  pp.  390  &  507). 

A  proposal  by  Messel  (E.  P.  1201,  1878)  to  prepare  mono- 
hydrated sulphuric  acid  by  passing  pyrites-kiln  gases  through 
concentrated  sulphuric  acid,  in  order  to  absorb  the  SOs  contained 
in  the  gases,  need  only  be  mentioned  here. 

Packages  f 07'  Sulphuric  Acid. 

Sulphuric  acid  was  formerly  always,  and  is  even  now  to  a  great 
extent,  sent  out  in  large  glass  bottles  or  carboys  of  about  15 
gallons  capacity,  packed  in  baskets  with  straw,  the  projecting 
necks  being  still  further  protected  by  straw  ropes.  They  are 
closed  by  earthenware  stoppers  dipped  in  melted  brimstone  and 
put  in  quickly  before  the  sulphur  has  solidified.  Mostly  damp 
clay  is  put  round  the  top  and  a  linen  rag  is  tied  all  over  it.  Often, 
"-^lly  for  short  distances,  the  brimstone  is  omitted.  The 
only  last  a  short  time  when  exposed  to  the  weather  and 
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the  damp  soil^  and  especially  when  any  acid  gets  at  them.  This 
last  is  sometimes  diificult  to  avoid :  after  once  using^  a  few  drops 
of  acid  run  down  the  neck  of  the  carboy  and  find  their  way  to  the 
bottom  of  the  basket ;  and  the  floor  of  the  warehouse^  where  they 
are  placed^  is  not  easily  kept  entirely  free  from  acid.  Therefore 
the  bottom  of  the  basket  is  damaged  first;  and  on  lifting  the 
carboy  the  bottle  filled  with  acid  forces  out  the  bottom  of  the 
basket  by  its  weight  and  falls  through.  For  this  reason  a  ' 
damaged  basket  ought  never  to  be  sent  out ;  some  works  go  upon 
the  principle  of  always  packing  the  returned  carboyd  in  fresh 
baskets.  The  baskets  stand  much  longer  when  they  are  dipped 
two-thirds  of  their  height  in  coal-tar.  In  England^  baskets  made 
of  stout  iron  wire  or  of  thin  hoop-iron  are  now  common,  protected 
against  quick  rusting  by  a  thick  coating  of  coal-tar.  In  the  north 
of  England  frequently,  sometimes  also  in  Germany,  carboy-tubs 
are  used,  made  of  small  staves,  tapering  a  little  downwards,  and 
bound  with  iron  hoops ;  the  bottle  is  put  in,  packed  in  straw,  with 
only  its  neck  projecting ;  a  circular  cover,  provided  with  a  hole 
for  the  bottle-neck,  is  put  on  and  fixed.  These  tub-carboys  are 
rather  clumsy  and  somewhat  dearer  than  basket-carboys,  but 
are  much  more  durable ;  and  they  afford  the  great  advantage  that 
railways,  barges,  &c.  carry  them  in  two  tiers  one  above  the  other, 
which  they  never  do  with  basket-carboys. 

In  America,  cubical  cases  are  employed,  kept  together  by  iron 
hoops ;  the  bottles  are  put  in  with  sea-weed ;  they  cost  one-third 
of  a  dollar  per  cwt.  In  France,  and  also  at  Aussig  in  Bohemia, 
stoneware  jars  of  the  size  of  ordinary  glass  carboys,  and  of  the 
same  clay  as  is  used  for  '^  bombonnes '^  (acid-receivers),  are  fre- 
quently employed ;  these  can  be  moved  about  at  the  works  without 
baskets,  but  must  be  put  into  baskets  for  sending  out.  At  Beau- 
vais,  where  they  are  made,  they  cost  1^  franc  each. 

Sometimes  the  glass  carboys  are  surrounded  with  infusorial 
earth,  which  in  case  of  breakage  absorbs  the  acid,  whilst  with 
straw-packing  it  runs  out  and .  may  injure  the  men  or  damage 
railway-trucks.  (This  way  of  packing  is  especially  useful  in  the 
case  of  nitric  acid,  which  may  cause  afire  when  coming  into  contact 
with  straw.) 

A  special  kind  of  carboy-hampers  has  been  patented  by  Garneri 
(E.  P.  3190,  1888).  ''This  basket  is  built  up  of  numerous 
standards   of   wood,  thin  and   elastic.     The   base  is  preferably 
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compoaed  of  two  conical  and  concentric  rings,  thin,  and  of  5  to  6 
ceDtimetres  (=2  to  2f  inches)  in  diameter.  The  standards  are 
bound  and  fixed  at  eqaal  distances  between  the  two  conical  rings. 
Wooden  rings,  placed  at  intervals  in  the  height  of  the  basket,  are 
fixed  both  on  the  exterior  and  interior  by  means  of  a  jointed 
mould,  which  ^ves  to  the  basket  the  desired  contour,  according 
to  the  carboy  or  other  article  it  is  intended  to  contain." 

Schleicher  (G,  P.  18,112)  employs  tight-fitting  wickerwork 
baskets,  the  upper  part  of  which  is  removable  and  is  connected 
with  the  lower  part  by  vire  fastenings.  This  plan  is  shown  in 
fig.  429.  b  indicates  the  glass,  e  the  joint  between  the  two  parts  of 
the  wickerwork,  Ci  the  removable  part  of  the  latter,  c  d  the  cover. 

.  Fig.  429. 


The  Marple  Chemical  Company,  Marple  near  Stockport,  sells 
"  Carboy  Protectors  "  for  the  tops  of  acid-carboys,  as  shown  in 
fig.  430,  which  admit  of  stacking  up  to  four  tiers  of  carboys  over 
one  another  without  any  risk  of  breakage. 

Mauser  (£.  P.  11,095  and  21,986,  1902}  provides  the  hampers 
with  a  top  kept  down  by  springs,  or  suspends  the  carboy  in  the 
hamper  by  springs. 

Junckers  (Chem.  Zeit.  1902,  p.  582)  employs  for  jilUvg  acid- 
carboys  a  new  kind  of  funnel,  closed  at  the  top.  Only  two  openings 
are  left,  one  of  them  for  inserting  the  pipe  or  tap  from  the  filling- 
vessel,  the  other  one,  provided  with  a  neck,  for  conducting  away 
any  vapours  formed.  By  making  the  joints  with  the  feeding-pipe 
or  tap  and  with  the  neck  of  the  carboy  tight  by  means  of  india- 
rubber  washers,  any  loss  and  damage  to  the  carboys  through  acid 
splashing  about  is  avoided. 


HMFTYINQ  ACID-CABBOYS,  V^O 

Several  contrivances  have  been  invented  for  eu^tying  acid- 
carbaya.  Some  of  them  coneiat  o£  iron  frames  adapted  for  tilting, 
others  of  apparatus  adapted  to  the  carboy-neeka  and  acting  on  the 
principle  of  a  chemist's  wash-bottle,  the  necessary  air-pressure  being 
produced  by  a  small  force-pump  or  by  an  india-rubber  bag  with 
treadle.  These  and  other  contrivances  are  described  by  Oppleria 
his  report  on  the  Berlia  Exhibition  of  Apparatus  for  preventing 
Accidents  {Chem.  Ind.  1889,  p.  528).  Comp.  also  the  siphons 
&c.  shown  p.  502  et  teq. 

The  Aktiengesellschaft  fiir  Anilinfahrikation  at  Berlin  has 
patented  (G.  P.  8305;  Wagner's  Jahreab.  1880,  p.  236)  an  appa- 
ratus for  carrying  acid-carboys  without  in  any  way  putting  stress 
on  the  handles  or  other  parts  of  the  hampers,  so  that  the  carboys 
can  be  safely  handled  even  in  rotten  hampers.  Other  contrivances 
of  this  kind  consist  of  band-trucks,  on  which  the  carboys  are  sas- 
pended  from  chains,  as  showu  in  fig.  431. 

Fig.  431. 


Nevertheless  it  frequently  happens  that  glass  carboys  get 
cracked,  either  in  handling  or  by  the  jolting  of  railway-trucks ; 
and  the  acid  running  out  is  not  merely  lost,  but  often  does  a  great 
deal  of  damage.  The  railway  and  steamboat  companies  accord- 
ingly will  only  accept  acids  (sulphuric  acid,  as  well  us  other  mineral 
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acids  sent  in  carboys)  at  the  sender's  risk,  or  else  at  very  high  rates 
for  carriage,  and  only  send  them  by  certain  trains.  Under  all 
circumstances,  on  account  of  the  bulky  nature  of  this  merchandise, 
a  very  much  higher  rate  is  charged  for  its  conveyance  than  corre- 
sponds to  its  weight.  A  truck  which  carries  10  tons  of  goods  in 
casks  can  only  carry  about  2^  tons  of  vitriol  in  carboys.  The 
additional  cost  of  carriage  is  therefore  in  direct  proportion  to  the 
accompanying  dead  weight  and  bulk ;  and  as  such  the  water  must 
be  regarded  which  is  contained  in  acid  of  144°  Tw.  (brown  vitriol) 
over  and  above  that  in  strong  vitriol. 

The  cost  of  carboys  also  amounts  to  a  good  deal.  It  differs 
very  much,  according  as  the  situation  is  more  or  less  convenient 
for  purchasing  the  bottles  &c. ;  but  it  will  hardly  ever  be  under  £2 
per  ton  of  real  acid,  and  is  much  higher  for  brown  vitriol  containing 
78  per  cent,  of  SO4H2  than  for  strong  vitriol  with  93  per  cent,  of 
SO4H2.  Of  course,  the  empties  are  mostly  returned ;  but  there 
is  always  much  breakage,  and  for  longer  distances  the  return- 
carriage  is  too  dear. 

It  follows  from  this  that  it  will  only  pay  for  a  certain  distance, 
differing  very  much  according  to  local  circumstances,  to  send  out 
brown  vitriol  of  144°-152°  Tw.  in  glass  carboys ;  when  the  distance 
exceeds  that  limit,  the  extra  cost  of  packages  and  transit  becomes 
equal  to  or  more  than  the  cost  of  extra  concentration,  and  the  con- 
sumers prefer  to  buy  strong  vitriol  of  168°  Tw.  Habit  or,  more 
strictly  speaking,  ignorance  causes  some  consumers  to  buy  acid  of 
168°,  when  140°  or  even  chamber-acid  would  do  quite  well. 

For  large  consumers,  and  especially  for  sending  great  distances 
by  land,  glass  carboys  are  not  now  employed  for  the  carriage  of  sul- 
phuric acid.  For  some  time  leaden  or  copper  vessels  were  used  for 
this  purpose,  but  these  have  been  abandoned  for  wrought-iron  vessels , 
more  especially  tank-waggons.  Balmain  and  Menzies  patented  in 
1869  this  way  of  carrying  sulphuric  acid,  which,  however,  seems 
to  have  been  previously  in  use  locally ;  its  general  use  appears 
to  date  from  about  1880.  The  stronger  the  acid  the  less  danger 
is  thereof  any  action  upon  the  iron  ;  but  even  down  to  130° Tw.  it 
can  be  safely  carried  in  iron,  provided  there  are  no  injurious 
impurities  present,  such  as  nitrous  acid,  and  that  the  air  has  no 
access — the  latter,  because  its  moisture  condenses  on  the  surface 
of  the  acid,  forms  a  layer  of  dilute  acid,  and  corrodes  the  iron  in 
that  place. 


TANK*  WAGGONS.  tiKfo 

The  iron  acid-tauks  are  sometimeB  made  of  ao  angular  section, 
like  ordinary  railway-trucks ;  but  these  have  been  almost  entirely 
superseded  by  cylindrical  boiler>Bhaped  tanks  of  10  tons  capacity. 
A  great  advantage  of  the  latter  is,  that  they  resist  preaanre, 
and  that,  at  the  consumer's  works,  they  can  be  fitted  with  au 
arrangement  for  forcing  the  acid  out  of  them  into  a  atore-tank  on 
the  premises,  so  that  the  tank-waggons  are  at  once  emptied  and  can 
be  sent  back  to  the  seller's  works.  Smaller  tanks  of  this  kind,  say 
holding  Z  or  3^  tons,  can  be  used  for  road-traffic. 

Norrenberg  (Chem.  Ind.  1896,  p.  553)  gives  special  instructions 
for  cleaniDg  out  tank-waggons  used  for  sulphuric  acid. 

Iron  tank -waggons  can  be  used  for  concentrated  acid  i>  swell  as 
for  chamber-acid.  The  thickness  of  the  plate  for  acid  down  to 
140°  Tw.  is  generally  |  to  i^^  inch,  for  chamber-acid  yg  inch. 
The  plates  must  be  very  well  rivetted  together  and  tightly  calked, 
as  any  leakage  of  acid  will  cause  a  strong  corrosion  on  the  out- 
side, in  spite  of  the  self-evident  precaution  of  keeping  the  iron  very 
well  painted  with  coal- tar  varnish.  For  the  same  reason  the  tanks, 
when  empty,  must  be  kept  tightly  closed ;  any  portion  temporarily 
exposed  to  the  air,  e.g.  manholes  &c.,  should  be  covered  with 
sheet-lead. 

Fig.  432. 


The  emptying  takes  place  by  means  of  a  siphon,  or  else  by  an 
angular  valve-tap  as  shown  in  fig.  433,  or  by  an  india-rubber  hose 
closed  by  a  strong  clamp.  India-rubber,  however,  should  be 
employed  oiUy  for  chamber-acid.     The  valve  is  made  of  gun-metal 
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(ordinary,  uot  phosphorus  bronze  which  does  not  resist  the  acid 
so  well) ;  the  iron  spindle  is  cased  with  hard  lead  up  to  the  screw- 
thread,  the  Btufiing-box  is  packed  with  asbestos. 

In  spite  of  all  precautions,  a  little  gas  is  generally  evolved  in 
acid  tank-waggons  made  o£  iron,  which,  in  opening  them,  may  cause 
some  acid  to  splash  about  and  injure  the  men.  This  is  avoided  by  a 
contrivance  constructed  by  Vorster  and  Griineberg  (Oppler,  Chem. 
Ind,  1889,  p.  528).  On  the  top  of  the  boiler-tank  there  is  a  pipe, 
and  within  this  another  pipe,  closed  at  bottom  and  open  at  the  top. 
The  annular  apace  thus  formed  is  closed  at  top  and  open  at  bottom. 
The  inner  pipe  has  two  lateral  openings  near  its  bottom  ;  through 
these  the  gas  collected  in  the  boiler-tank  gets  into  the  inner  pipe 
and  thence  escapes  outside,  whilst  the  acid  carried  along  collects 
in  the  annular  space  between  the  pipes  and  runs  back  again. 

Where  the  acid  has  to  be  carried  on  canals,  the  boats  may  be 
arranged  as  tanks  by  lining  them  with  lead  (which  in  such  cases 
is  much  more  suitable  than  for  railway  carriage)  or  even  with  iron. 
As  was  shown  by  Kuhlmann,  jun.,  in  1878  (Chem.  Ind.  1879, 
p.  333)   such  boats  when  used   for  this  purpose  are  subject  to 

Kg.  433. 


dangerous  shiftings  of  the  centre  of  gravity  by  the  oscillations  ef 
the  acid ;  but  this  is  entirely  prevented  by  making  longitudinal 
psrtitionsj  leaving  an  air-apace  widening  out  at  the  top,  as  shown  in 
fig.  433. 

Holden   (Engl.  pat.  8805j  1877)  proposes  to   construct  acid- 
tanks  from  wood  which  has  previously  been  warmed  and  soaked 
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with  paraffin.     The  edges  are  to  be  made  tight  by  a  solution  of 
gutta-percha  in  naphtha. 

For  sea-transport  wooden  boxes  lined  with  lead  are  usually 
employed ;  iron  would  probably  answer  better. 

Vorster  and  Griineberg  (G.  P.  24,748)  have  proposed  the 
following  plan,  especially  with  a  view  to  sea-carriage  : — Dry  and 
finely  divided  kieselguhr  (infusorial  earth)  is  saturated  with  three 
or  four  times  its  weight  of  strong  sulphuric  acid.  The  product, 
which  thus  contains  at  least  75  per  cent,  of  acid,  retains  its  pulveru- 
lent form  and  can  be  transported  by  land  or  sea  in  lead-coated 
sheet-iron  vessels  without  any  risk  of  breakage.  When  it  reaches 
its  destination  the  mass  is  either  used  directly  or  is  diluted  with 
water,  and  the  acid  is  separated  from  the  kieselguhr.  This  plan 
has  not  been  found  very  practical,  nor  does  it  seem  to  be  called 
for,  as  the  pure  (liquid)  acid  itself  can  be  sent  out  perfectly  well 
in  sheet-iron  vessels  closed  by  screw-plugs. 

White  and  Rickman  (E.  P.  17,095,  1887)  for  a  similar  purpose 
mix  sulphuric  acid  with  anhydrous  sodium  or  magnesium  sulphate 
(hydrochloric  acid  with  calcium  or  magnesium  chloride),  dissolving 
the  salt  in  the  acid  by  the  action  of  heat,  and  allowing  it  to 
solidify  on  cooling.  The  salt  frequently  does  not  interfere  with 
the  use  of  the  acid.     This  plan  is  evidently  not  practical. 
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CHAPTER  X. 

ARRANGEMENT  OF  A  SULPHURIC-ACID  WORKS  ON  THE 
CHAMBER  PLAN ;  YIELDS  AND  COSTS. 

Although  it  is  obvious  that  no  fixed  rules  can  be  laid  down  as 
to  the  way  in  which  a  sulphuric-acid  works  should  be  planned^ 
yet  a  few  remarks  upon  this  subject  may  be  of  some  use. 
In  the  first  place^  the  arrangement  of  acid-works  depends  upon 
whether  they  are  to  supply  only  chamber-acid  or  acid  up  to^  at 
most^  150°  Tw.,  or  rectified  O.V.  The  first  case,  which  is  that  of 
manure-works,  and  even  of  some  salt-decomposing  works,  is,  of 
course,  the  simplest,  no  concentrating-apparatus  whatever  being 
required.  Formerly  such  works  usually  did  not  possess  any,  or  only 
small,  Gay-Lussac  or  Glover  towers.  But  although  the  latter  in  this 
case  are  not  called  upon  to  furnish  a  larger  quantity  of  strong  acid 
than  is  needed  for  the  Gay-Lussac  tower,  and  as  they  do  furnish 
much  more  than  that,  water  has  sometimes  to  be  used  in  order 
to  bring  the  acid  down  to  the  strength  required ;  yet  it  is  most 
irrational,  in  view  of  the  waste  of  water,  the  yield  of  acid,  and 
even  the  nuisance  produced  by  noxious  vapours,  to  work  without 
any  or  without  fully  efiBcient  Glover  and  Gay-Lussac  towers. 

Where  acid  concentrated  up  to  140°  or  150°  Tw,,  but  of  no 
special  degree  of  purity,  is  required  (that  is,  generally  in  works 
decomposing  salt  and  for  a  few  other  purposes),  it  is  easy  to  obtain 
the  whole  of  the  acid  of  that  strength  without  any  special  concen- 
trating-apparatus, by  means  of  Glover  towers.  Where,  however, 
purer  acid  has  to  be  made,  either  for  sale  or  for  further  concen- 
tration in  glass  or  platinum,  concentrating-pans  must  be  provided. 
These  may  be  heated  either  by  the  heat  of  the  brimstone-  or  pyrites- 
burners,  and  are  then  of  course  placed  over  these,  or  else  over  the 
flue  conveying  the  kiln-gases  to  the  Glover  tower ;  in  either  case  no 
separate  ground-space  is  required  for  them. 

Or  else  (which  we  deem  unnecessary  in  all  ordinary  cases)  they 
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are  heated  by  special  fires^  either  from  the  top  or  from  the  bottom^ 
or  by  steam.  Most  frequently  room  will  be  found  for  this  under 
the  acid-chambers  or  immediately  adjoining. 

Finally^  where  rectified  oil  of  vitriol  is  made^  this  can  be  (and 
in  many  cases  is)  done  underneath  the  chambers  ;  but  more 
usually^  especially  in  the  case  of  glass  retorts^  a  special  retort- 
house  is  constructed  for  this  purpose. 

Without  taking  any  further  notice  of  the  last  concentration  of 
the  sulphuric  acid^  we  remark  as  follows  on  the  arrangement  of  the 
remainiug  apparatus.  The  lowest  level  is  always  occupied  by  the 
pyrites-  (or  brimstone-)  burners  ;  only  there  must  be  space  left  for 
wheeling  away  the  cinders.  Accordingly  the  burners  are  always 
erected  on  the  ground-level;  and  the  stone-breakers^  if  present, 
are  mostly  found  on  the  same  level.  The  pyrites  in  large  works 
arrives  on  a  railway  resting  on  trestles  (gears)  and  is  tipped  between 
the  trestles^  in  order  to  be  taken  away  as  it  is  wanted,  to  be  broken 
and  laid  in  front  of  the  kilns.  Where  the  supply  of  ore  is  quite 
regular^  the  stone-breaker  can  be  disposed  so  that  the  ore  will  pass 
direct  from  the  railway-trucks  through  the  breaker^  and  arrive 
broken  on  the  ground-level,  thus  saving  labour.  Where  the  ore 
is  broken  by  hand^  or  where  it  arrives  in  large  and  irregular 
parcels^  this  cannot  be  done  very  well. 

Unbroken  pyrites,  especially  non-cupreous,  can  be  stored  in  the 
open  air  without  much  damage;  but  after  breaking  it  should  be 
protected  from  the  rain.  It  is  sifted  directly  after ;  the  dust  is 
stored  apart  from  the  lumps ;  and  both  are  taken  to  the  burners 
across  a  weighing-machine.  The  breaking,  sifting,  and  storing  of 
the  broken  pyrites  nearly  always  takes  place  underneath  the  cham- 
bers. Where  these  are  high  enough  above  the  ground,  the  burners 
themselves  can  be  placed  beneath  them ;  otherwise  they  are  erected 
in  a  separate  shed  immediately  adjoining,  and  I  would  take  this 
course  even  in  the  former  case.  Any  cooling-pipes  or  tunnels 
are  arranged  along  the  side  or  on  the  top  of  the  chambers. 
Where  the  burners  are  built  under  the  chambers,  the  outer  pillars 
of  these  must  be  connected  by  a  light  open-work  wall,  to  keep  the 
wind  off  the  burners. 

The  nitre-ovens,  where  such  are  to  be  made,  are  always  built  at 
the  end  of  each  set  of  burners  and  as  a  continuation  of  it. 

The  steam-boilers  are  also  sometimes  placed  under  the  chambers ; 
but  it  is  decidedly  better  to  put  them  in  a  shed  outside,  both  in  order 
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not  to  injure  the  timber  of  the  chamber-bottom  by  steam  leaking 
or  blowing  out  of  the  safety-valves,  and  to  save  the  boiler-plate  from 
being  corroded  by  any  accidental  droppings  of  acid.  In  case  of  an 
explosion  the  damage  will  then  not  be  quite  so  serious  as  if  the 
boilers  stood  directly  under  the  chambers. 

As  the  burners  are  built  on  the  ground-level^  as  the  chambers 
are  in  any  case  erected  at  a  certain  height  above  it,  and  as  the  gas- 
pipe  also  enters  into  the  upper  part  of  the  chamber,  the  g&s-pipe 
must  necessarily  rise  a  good  deal ;  and  the  conditions  of  draught 
are  thus  satisfied. 

If,  however,  a  Glover  tower  is  to  be  used,  it  must  be  placed 
between  the  burners  and  the  chambers.  Formerly  a  few  burners 
were  sometimes  set  aside  for  working  the  nitre-ovens  by  their  heat 
and  taking  the  nitre-gas  direct  into  the  first  chambers;  this  is 
now  rarely  or  never  done,  but  each  set  of  burners  is  followed  by  the 
nitre-ovens  and  then  by  the  Glover  tower.  Where  liquid  nitric 
acid  is  employed,  the  nitre-oven  is  simply  left  out.  The  Glover 
tower  itself  must  be  placed  with  its  base  rather  higher  than  the  top 
of  the  gas-flue  over  the  burners.  In  this  way  the  burner-gas  can 
travel  horizontally  to  the  tower ;  but  it  is  generally  made  to  rise  a 
little  higher  and  to  descend  slightly  into  the  tower,  so  that  any 
acid  splashing  into  the  pipe  runs  back  into  the  tower.  Usually 
the  levels  of  the  Glover  tower  and  the  chamber  are  planned  in  such 
a  way  that  the  gas  issuing  from  the  tower  can  still  enter  the 
chamber  below  its  top.  This  secures  good  draught  into  the  chara- 
bers,  provided  there  is  a  sufficiently  strong  pull  at  the  exit  end. 
Where  this  is  not  the  case,  the  indispensable  draught  in  the  pyrites - 
burners  is  sometimes  brought  about  by  taking  the  gas  up  a  high 
Glover  tower,  or  else  upwards  from  the  tower  through  a  special 
pipe,  and  then  down  again  through  the  chamber-top  (comp.  p.  682) . 
In  some  cases  injectors  or  fan-blasts  are  made  to  produce  the 
necessary  draught  (p.  559). 

On  the  other  hand,  the  chambers  are  sometimes  placed  so  high 
that  the  top  of  the  Glover  tower  is  below  their  bottom,  and  the 
chamber-acid  can  be  run  directly  into  the  tower. 

The  chambers,  as  already  mentioned,  are  either  arranged  so  that 
their  floors  are  all  at  the  same  level,  or  so  that  each  following 
chamber  is  from  1  to  3  inches  higher  than  the  preceding  one.  A 
greater  difference  is  not  necessary,  but  is  sometimes  employed  for 
local  reasons.  From  the  last  chamber  issues  a  pipe  connecting  it 
with  the  Gay-Lussac  tower,  which  can  only  exceptionally  be  placed 
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on  a  foundation  SO  elevated  that  this  pipe  need  not  descend — certainly 
a  preferable  arrangement  if  the  levels  permit  it.  Provision  must 
also  be  made  for  interposing  a  long  cooling-channel  between  the 
last  chamber  and  the  Gay-Lussac  tower,  unless  there  is  a  special 
small  chamber  provided  for  cooling  and  drying  the  gas,  which 
chamber  receives  no  steam. 

In  any  case  the  Gay-Lussac  and  Glover  towers  should  be  com- 
bined into  a  set,  with  the  necessary  tanks,  air-pump,  acid-eggs, 
&c.  arranged  at  the  foot,  by  which  the  attendance  will  be  much 
facilitated.  In  large  works  with  several  sets  of  chambers  it  is  pre- 
ferred rather  to  combine  several  Glover  towers,  and  in  any  case 
several  Gay-Lussac  towers,  to  form  a  set. 

In  the  previous  editions  of  this  book  drawings  of  a  set  of 
chambers  with  appurtenances  were  given  to  serve  as  a  general 
guide  for  the  observation  of  the  just- mentioned  rules.  Not  to 
speak  of  the  first  edition,  even  the  drawings  contained  in  the 
second  edition  are  somewhat  out  of  date  now.  Fortunately 
I  am  enabled,  by  the  kindness  of  Mr.  Niedenfiihr,  to  enrich  this 
present  edition  with  modern  plans  for  two  separate  cases,  drawn 
expressly  for  this  book.  The  first  case  (figs.  434  to  437)  is  that 
of  works  on  the  old  and  hitherto  most  general  style,  where  no 
special  means  are  employed  for  diminishing  the  chamber-space. 
The  plans  show  how  such  chambers  and  their  belongings  can  be 
most  suitably  built  in  a  climate  where  they  must  be  enclosed  in 
buildings.  In  England  this  is  usually  not  done,  but  the  altera- 
tions to  be  introduced  in  the  latter  case  are  easily  understood 
(comp.  pp.  441  &  448). 

On  the  necessarily  adopted  small  scale  most  details  of  construction 
and  auxiliary  apparatus  cannot  be  shown,  and  for  these  we  must  refer 
to  the  5th  Chapter,  where  also  the  details  of  the  French  (p.  543) 
and  American  systems  (p.  448)  will  be  found. 

The  plant  shown  here  is  intended  for  the  production  of  20  tons 
real  monohydrated  H3SO4  per  24  hours,  in  the  shape  of  the  cor- 
responding amount  of  chamber-acid.  This  is  a  somewhat  large  set, 
but  Mr.  Niedenfiihr  considers  it  best  to  work  on  such  a  scale,  if 
all  modem  improvements  are  applied.  Since  all  dimensions  are 
given  (in  metrical  measure) ,  the  reduction  to  a  smaller  size  can  be 
easily  made,  where  such  is  required. 

Ai  . . .  Ai3  are  twelve  pyrites-burners  for  pyrites  in  pieces.  The 
burner-gases  pass  through  the  flue-dust  chambers  B,  an  ascending 
gas-flue  C,  and  a  cast-iron  pipe  D,  lined  with  fire-brick,  into  the 
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Glover  tower  E,  and  from  this  by  pipes  F,  and  Fj  into  the  first 
chamber  Gi  in  its  upper  part.  They  leave  this  chamber  on  the 
opposite  side  near  the  bottom  through  three  pipes  H^^  Hs,  H:^, 
connected  with  a  common  pipe  H,  which  ascepds  and  introduces 
the  gases  into  the  second  chamber  G^  near  its  top  through  pipes 
H4,  Hg^  Hq.  In  the  same  way  the  gases  issue  from  Gs^  through 
Ii>  h,  ^i)  ascend  through  I,  and  enter  through  I4,  Ig,  Ig,  into  the 
third  chamber  Gs.  The  object  of  dividing  the  gases  among  three 
inlet-  and  outlet-pipes  is  to  utilize  the  whole  section  of  the  cham- 
ber for  the  process  and  to  avoid  any  dead  corners. 

From  the  third  chamber  the  gases  travel  through  the  long  pipe 
K,  where  they  are  cooled  and  dried,  into  the  Gay-Lussac  towers* 
At  the  lowest  point  of  K  the  condensing  water  is  discharged. 
The  gases  pass  seriatim  through  the  two  towers  L^  and  L2  and 
issue  from  the  latter  into  the  atmosphere,  unless  it  is  preferred  ta 
pass  them  into  a  chimney,  or,  preferably,  to  draw  them  out  by- 
mechanical  means. 

The  total  cubic  space  of  the  chambers  is  about  310^000  cubic 
feet,  which,  according  to  the  experience  with  ordinary  chambers 
at  the  majority  of  German  works,  is  required  for  the  regular  daily 
production  of  20  tons  H2SO4  in  the  shape  of  chamber-acid.  [This 
is  as  nearly  as  possible  =19  cubic  feet  per  lb.  of  sulphur  burned,, 
and  corresponds  with  the  practice  of  the  majority  of  English  works  ; 
but  much  less  space  is  required  for  a  high-pressure  work,  comp. 
p.  468.] 

The  Glover  tower  in  its  lower  half  is  packed  with  a  network  of 
bricks  on  edge,  in  its  upper  half  with  dishes.  The  first  Gay-Lussac 
is  packed  with  dishes,  the  second  with  coke. 

Fig.  434  is  a  plan  of  the  whole  plant,  the  store-tanks  below 
the  chambers  and  above  the  towers  being  marked  in  dotted  lines. 
Pig.  435  is  a  sectional  elevation  on  the  line  A — B,  through  the  dust- 
chamber.  Glover  tower,  and  first  acid-chamber ;  fig.  436  is  a  sectional 
elevation  C — D,  through  the  pyrites-burners,  showing  one  ot  the 
Gay-Lussacs  and  chamber  G3  in  front  elevation.  Fig.  437  is  a 
sectional  elevation  on  line  E — F  through  the  chamber  building. 

The  building  for  the  vitriol-chambers  is  planned  in  an  economical 
way,  proved  to  be  both  cheap  and  efficient  at  the  various  works  of 
the  Rhenania  Company.  The  chambers  rest  on  brick  pillars  of 
such  strength  that  they  can  be  reduced  to  a  small  number  and 
thus  permit  of  properly  utilizing  the  space  below  the  chambers 
for  various  purposes.     The  space  round  the  chambers  themselves  is 
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cased  in  wood^  and  the  roof  is  covered  with  roofing-felt,  with  a 
ventilating  rider. 

The  plans  do  not  show  the  steam-boilers ;  it  is  understood  that 
the  steam  comes  from  a  central  plant  through  the  2-inch  pipe  M 
(figs.  434  and  435),  from  which  branches  M1...M10  §  inch 
wide  inside  cany  the  steam  to  the  centre  of  the  chamber-top. 
The  ascending  part  of  the  steam-pipe  is  provided  with  a  trap  for 
the  condensing  water  in  its  lowest  point ;  the  mains  M  above  the 
chambers  descend  slightly  towards  the  pipes  M^  and  M^,  which 
carry  away  the  condensed  water.  [Comp.  on  feeding  the  chambers 
with  water  in  the  shape  of  spray,  p.  536  el  seq."] 

The  Glover  tower  is  served  by  two  acid-tanks  Ri  and  R2>  placed 
on  its  top,  for  nitrous  vitriol  and  chamber-acid  (from  Gj) .  At  its 
bottom  the  acid  runs  through  two  coolers  S^  and  S3  into  tank  R5, 
from  which  it  is  lifted  by  pulsometer  Pj  into  tank  R4  which  supplies 
the  Gay-Lussac  tower  Lj.  The  weak  nitrous  vitriol  issuing  from 
the  latter  runs  into  R^  and  is  lifted  by  pulsometer  P2  into  R3,  in 
order  to  be  enriched  in  tower  Lj.  From  this  it  runs  into  R7  and  is 
pumped  by  pulsometer  Ps  into  Ri,  serving  for  the  Glover  tower. 
R2  on  the  same  tower  receives  acid  from  chamber  G3  through 
pulsometer  P4. 

Mr.  Niedenfuhr  has  also  furnished  the  following  estimate  of  cost, 
based  on  his  practical  experience  and  on  German  prices  in  1902. 
I  translate  his  figures  into  English  measures  and  money : — 

1.  Ground-space,  27,000  superficial  feet £2,500 

II.  Building,  for  burners  3,770         „  „       £    420 

„     for  chambers,  14,500        „  „ 

Incl.    brick    pillars,    wood    casing    for 

chambers,  felt  roof  and  chamber  frame .     2,960 
Foundations  and  frames  of  towers 120 

Sundries^  incl.  boiler-shed 300 

3,800 

III.  Steam-boilers  and  machinery. 

Steam-boilers  430  superficial  feet  heating 

surface,  incl .  brickwork  &c 300 

Air-  and  water-pumps     120 

Pipes  for  steam,  air,  and  water 125 

Pulsometers,  incl.  erection  and  acid-pipes.         205 

750 

Carried  forward  £7,050 
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Brought  forword    £7,050 

IV.  Pyrites-burners. 

12  lump-burners £  900 

Dust-chambers,   nitre-ovens,   connection 

with  Glover  tower  225 

1,125 

V.  Chambers  and  towers. 

240  tons  lead,  at  16*  6rf.  per  cwt.,  incl. 

cost  of  burning  and  materials  for  same     3^900 

Materials  for  packing  Glover  tower  &c. . . .         300 

„         „         „      Gay-Lussac  towers.         475 

Sundries   ! 325 

5,000 

VL  Sundries  (reserve)     1,325 

£14,500 

For  the  second  case  (as  explained  p.  496),  figures  438  to  443 
give  sketches  of  a  set  of  chambers  designed  by  Mr.  H.  H.  Nied- 
enfiihr,  as  embodying  the  latest  progress  in  the  combination  of 
chambers  and  towers.  This  set  is  to  suffice  for  burning  20  tons 
48-50  per  cent,  pyrites  in  24  hours.  The  pyrites  is  burned  in  fine 
Herreshoff  furnaces,  a,  a  [cf.  p.  349),  or  in  any  other  kind  of  pyrites- 
kiln  or  burner.  The  gases  first  pass  through  the  dust-chamber 
i,  A,  then  through  the  Glover  tower  c,  into  the  lead  chamber  rf, 
provided  with  air-cooling  shafts  (p.  477)  and  water-spray  injectors 
(p.  537  et  seq,).  From  here  they  pass  through  plate-tower  c,  con- 
taining 10  layers  of  28  plates  each,  at  a  distance  of  12  inches  from 
layer  to  layer,  then  into  another  lead  chamber/,  followed  by  plate- 
tower  g,  with  10  layers  of  24  plates  each,  12  inches  apart,  and 
plate-tower  h,  with  12  layers  of  24  plates,  12  inches  apart ;  at  last  at 
the  top  into  plate-tower  t,  containing  16  layers  of  20  plates  each, 
8  inches  distant.  This  tower  they  leave  at  the  bottom  by  the  long 
conduit  k,  which  takes  them  to  the  first  Gay-Lussac  tower,  con- 
taining 24  layers  of  16  plates  each,  4  inches  distant;  and  this  is 
followed  by  the  coke  Gay-Lussac  tower  m,  a  fan-blast  being  placed 
between  these  two  towers. 

The  circulation  of  the  acids  is  marked  by  arrows,  but  it  is  more 
clearly  shown  in  fig.  443.  The  acid  from  the  Glover  tower  c  runs 
through  an  air-  and  water-cooler  into  tank  Ri.  A  pulsometer,  P, 
pumps  it  into  tank  Re,  fixed  above  the  coke  Gay-Lussac  tower  m. 
From  this  the  acid  runs  to  the  bottom  into  tank  Rj,  is  pumped  by 


r 


106,750  40 

2.  Apparatus.  francs,  cent. 

Pyrites-burners  31,686  70 

Glovertower   26,188  75 

Chambers    (4500    cub.    metres = nearly  "I 

160,000  cubic  feet)     .'.J  ^^'^^^  ^" 

Carried  forward    132,007  25 
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francs,  cent. 

Brought  forward    132,007  25 

2  Gay  Lussaes,  20  metres  high     22,804  10 

Exit-gas  tube 6, 157  15 

Steam-pipes     4,541  25 

Acid-tanks  and  acid-eggs  1 5,144  55 

Tools    943  05 

181,597     35 
3.  Steam-boilers  and  engines.  fnmcs.    cent. 

2  steam-boilers  and  setting   21,267     60 

1  air-pump  and  pipes 9,167     15 

1  water-pump  and  pipes    7,114     55 

1  fan-blast  and  driving-engine 3,192     50 

40,741     80 

Grand  total •     329,089     55 

This  apparatus  is  capable  of  making  6000  tons  of  O. V.  per  annum 
with  the  ''forced  work^'  or  "high-pressure  style *^  frequently 
alluded  to,  viz.  a  chamber-space  of  only  11  or  12  cubic  feet  per  lb. 
of  sulphur  burnt.  This  is  made  possible  by  the  extraordinarily 
great  size  (and  cost)  of  the  nitre-recovery  apparatus.  If  this  had 
been  made  of  the  usual  dimensions,  the  cost  would  have  been 
about  38,000  frcs.  less,  but  then  the  production,  at  the  usual  rate 
of  2*25  kg.  per  cubic  metre  (say  about  21  cubic  feet  per  lb.  of 
sulphur),  would  have  been  only  3600  tons  per  annum. 

On  the  arrangement  of  sulphuric-acid  works  in  the  United  States 
interesting  notes  are  contained  in  the  papers  of  Falding  ('  Mineral 
Industry,'  viii.  p.  579,  and  ix.  p.  617)  and  of  Gilchrist  (Journ.  Soc. 
Chem.  Ind.  1899,  p.  459). 

Yields  and  Costs  of  Sulphuric-Acid  Manufacture. 

In  calculating  the  cost  of  manufacturing  sulphuric  acid,  we  must 
take  into  account  the  following  factors  : — 

Cost  of  sulphur  (brimstone,  pyrites,  blende) ; 

Consumption  of  nitrate ; 

Consumption  of  fuel ; 

Wages ; 

Wear  and  tear  of  apparatus ; 

Interest  on  capital,  general  expenses,  &c. ; 

Yield  of  sulphuric  acid. 
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We  will,  in  the  first  place,  inquire  into  the  consumption  of  nitre 
and  the  yield.  We  are  here  met  at  the  outset  by  the  diflSculty  of 
comparing  the  statements  from  different  sources,  arising  from 
different  fundamental  quantities  being  taken  as  the  basis  of  the 
calculation.  Some  calculate  all  the  sulphur  contained  in  the 
charge,  others  only  that  portion  which  hfis  actually  been  burnt, 
not  taking  into  account  the  sulphur  left  in  the  cinders.  The 
latter  way  of  calculating  is  more  rational  in  theory ;  but  in  practice 
it  is  often  less  useful  than  the  former.  For  it  is  known  with 
perfect  accuracy  how  much  pyrites,  and  how  much  sulphur  con- 
tained in  it,  has  been  put  into  the  burners ;  but  as  the  percentage 
of  sulphur  in  the  cinders  varies,  it  is  not  known  precisely  how 
much  has  been  burnt.  Besides,  the  question  is  not  only  how  the 
chamber  process  itself  works,  but  also  how  the  burning  has  been 
done,  on  which  the  smaller  or  larger  residue  of  sulphur  in  the 
cinders  depends.  It  is  different  when  the  percentage  of  sulphur 
in  the  cinders  is  almost  constant  and  altogether  very  slight,  as  in 
burning  pure  ores  in  shelf-burners ;  in  this  case  it  is  indifferent 
which  way  of  stating  the  results  is  adopted. 

The  consumption  of  nitre  is  stated  sometimesin  percentages  of  pure 
sodium  nitrate,  sometimes  in  percentages  of  commercial  nitrate ; 
and  in  the  latter,  case  either  95,  96,  or  97  per  cent,  is  assumed. 
Here  also  we  have  a  source  of  uncertainty  and  divergence,  although 
not  of  such  importance  as  that  just  mentioned.  To  each  part  of 
sodium  nitrate  correspond  63*53  parts  of  N2O5  or  74*12  parts  of 
NOsH  or  13476  of  nitric  acid  of  1-34  sp.  gr.  (at  15°  C),  the 
strength  usually  employed  in  vitriol-works. 

The  worst  confusion  prevails  regarding  the  calculation  of  the 
yield  of  sulphuric  acid.  Some  state  it  in  terms  of  chamber-acid  of 
50°  Baurae  (  =  106°  Tw.),  some  as  60°  Baume  (  =  144°  Tw.),  some 
as  commercial  168°  Tw.  ( =66°  Baume),  some  as  real  monohydrate ; 
what  is  worse,  the  reduction  upon  these  terms  is  made  by  very 
varying  and,  in  part,  quite  erroneous  tables  (comp.  p.  179) ;  and 
frequently  it  is  quite  uncertain  whether  by  '^  oil  of  vitrioP'  (0«V.) 
an  acid  of  93  to  94,  or  one  of  96  to  98,  or  one  of  100  per  cent. 
SO4H2  is  meant.  In  the  following  pages,  so  far  as  the  sources 
permit,  all  statements  will  be  reduced  to  the  only  rational  term, 
that  of  monohydrate,  SO4H2. 

Frequently,  at  works  where  none  of  the  sulphuric  acid  is  sold, 
but  the  whole  is  used  for  making  salt-cake,  the  yield  ii  calculated 
indirectly,  from  the  quantity  of  common  salt  decomposed  by  it. 
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according  to  more  or  less  arbitrary  assumptions  regarding  the 
quantity  of  sulphuric  acid  consumed  for  decomposing  a  unit  of  salt. 
Thus  several  large  manufacturers,  working  with  open  roasters, 
assume  a  consumption  (and  consequently  a  make)  of  81*33  parts 
of  SO4H2  to  each  100  parts  of  common  salt.  Now,  in  muffle- 
furnaces  (blind  roasters)  decidedly  less  sulphuric  acid  is  consumed 
than  in  open  roasters ;  and  yet  a  large  Alsatian  maker,  using  blind 
roasters  only,  assumes  a  consumption  of  74  per  cent,  of  vitriol  of 
66°  Baum^  on  the  sulphate,  =  85*8  per  cent,  on  the  salt,  or  80*8 
per  cent,  of  real  SO4H2  on  the  salt,  which  is  all  but  equal  to  the 
above-named  figure.  This  proves  the  uncertainty  of  such  bases 
of  calculation. 

Consistently,  several  English  alkali-works  have  given  up  cal- 
culating the  yield  of  sulphuric  acid  altogether;  they  only  state 
the  yield  of  salt-cake  upon  the  pyrites  burnt,  or  upon  the  sulphur 
contained  therein.  Of  course,  this  way  of  calculating  is  only  pos- 
sible where  no  acid  is  sold  or  used  for  any  other  purpose  than 
decomposing  salt. 

Often  no  mention  is  made  whether  that  portion  of  the  sulphuric 
acid  employed  for  the  decomposition  of  nitre,  which  leaves  the 
factory  in  the  shape  of  acid  sulphate  (nitre-cake),  has  been  allowed 
for  in  the  calculation.  We  specify  this  in  the  following  accounts, 
wherever  it  can  be  done  from  the  sources. 

Of  course  the  following  enumeration  does  not  contain  all  and 
every  statement, of  the  kind  scattered  in  innumerable  publications, 
but  only  so  much  as  suffices  for  forming  a  good  idea  of  the  state 
of  affairs,  both  in  former  and  in  recent  times. 

I.  Consumption  op  Nitre. 
(Compare  also  the  statements,  pp.  467,  470,  472,  475.) 

1.  For  Brimstone-acid. 
(a)   Without  Recovery  of  the  Nitre-gas. 

To  100  parts  of  brimstone  charged : — 6  to  9  parts  (Knapp,  Chem. 
Technologic,  1866,  i.  pp.  2,  298) ;  at  least  6,  sometimes  7\  parts 
(Schwarzenberg,  /.  c.  p.  400)  ;  6  to  8  parts  (Payen,  Precis,  1877,  i. 
p.  322) ;  7  to  8  parts  (Scheurer-Kestner,  in  Wurtz's  Diet,  de  Chim. 
iii.  p.  158) ;  8'9  parts  (Stevenson  and  Williamson,  in  Richardson 
and  Watts's  Chem.  Technol.  iii.  p.  318) ;  10  parts  (Wright,  Chem. 
News,  xvi.  p.  93).     Most  of  the  sulphur-burning  works  enume- 
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rated  in  the  Official  Alkali  Report  for  1885  consumed  9  or  10 
parts. 

(b)  Recovering  the  Niire-gas. 
4  to  5  parts  (Knapp^  /.  c.) ;  3  parts  (Schwarzenberg,  /.  c.  p.  401) ; 
5  parte  (Payen,  /.  c.  p.  322) ;  3  to  4  parts  (Scheurer-Kestner,  /.  c.) ; 
3  parts  (several  American  works  visited  by  myself  in  1890). 

2.  For  Pyrites-acid. 

(a)   Without  Recovery  of  Nitre. 

At  the  Oker  works  in  1857,  14-4  parte;  1859  to  1863,  134  for 
300  parts  strong  acid  (Knapp,  Kerl-Stohmann) ;  for  100  sulphur 
charged  in  the  shape  of  pyrites,  10  parts  (Schwarzenberg,  /.  c, 
p.  432),  9  to  11  parts  (Payen),  12  to  14  parte  (Scheurer-Kestner). 
According  to  Wright  (/.  c),  in  different  works,  with  pyrites  of  45 
to  50  per  cent.  8*5  parts,  of  30  to  50  per  cent.  10  to  12  parts,  of 
35  per  cent.  12'5  parts ;  with  a  set  of  chambers  in  bad  repair,  in 
the  first  year  9*31,  in  the  second  9'84,  in  the  third  10*02  parts. 
According  to  Gossage  (ap.  Richardson  and  Watts,  p.  317)  13'3 
parts  with  30  per  cent.  Irish  pyrites.  From  my  own  experience, 
on  an  average,  with  pyrites  of  40  to  44  per  cent.  10*8  parts ;  in 
neighbouring  works  10*5  parts  with  smalls,  9*4  with  lumps.  At 
some  French  works  I  was  informed  of  a  consumption  of  1*5  to 
1*97  kilog.  nitre  per  100  kilog.  acid  of  50°  Baume,  equivalent  to 
2*9  to  3*8  kilog.  per  100  kilog.  pyrites  of  44*4  per  cent.,  or  6*5  to 
8*5  kilog.  per  100  kilog.  of  the  sulphur  contained  therein.  [This 
statement  does  not  appear  trustworthy^  viz.  too  low,  looking  at 
the  figures  from  the  same  source  for  working  with  a  Gay-Lussac 
tower.]     Naville*s  statements  see  below. 

(b)  Recovering  the  Nitre-gas. 

For  100  sulphur  in  the  pyrites: — 5  parte  (Schwarzenberg,  /.  c. 
p.  432) ;  7  parts  (Payen,  /.  c.  p.  322) ;  7  to  8  parts,  less  with  higher 
towers  (Scheurer-Kestner,  /.  c.) ;  3*8  parte  (Glover) .  According  to 
my  own  experience  (with  insufficient  absorbing-space)  3*5  to  4*5 
parts ;  but  when  the  work  was  irregular^  chambers  out  of  repair, 
as  much  as  6  or  even  7  parts.  Neighbouring  large  works  3*5  parte. 
K.  Walter  guarantees  0*7  part  of  nitre  to  100  parts  acid  of  66° 
Baume =2*04  parte  to  100  sulphur  in  44-per-cent.  pyrites.  At 
the  Oker  works  in  1877, 3*75  to  4*5  parts  per  100  sulphur  were 
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used  with  pyrites  pretty  rich  in  sulphur,  4"5  to  6  parts  with  mixed 
and  galeniferous  ores ;  in  1901  on  the  average  4*8  parts.  In  French 
works  (same  source  as  above),  they  use  per  100  kilog.  acid  of  50° 
Baume  09  to  1*24  kilog.,  per  1(^  pyrites  1-73  to  2-38,  per  100 
sulphur  charged  3*85  to  5*37  kilog.  of  nitre.  According  to  notes 
collected  by  myself  in  1878: — in  German  works,  2'3  to  3'1  nitre 
per  100  sulphur;  in  the  best  English  works,  about  3  per  cent, 
(exceptionally,  as  stated  by  Affleck>  2*2  per  cent. ;  in  Lancashire 
some  large  works  use  even  5  per  cent.,  comp.  the  Table  on  p.  467) ; 
in  French  works,  (with  a  Glover  tower)  2*7  parts,  (without)  4*2  to 
4*7  parts  to  100  sulphur  charged. 

The  nitre  used  is  always  less  in  winter  than  in  summer.  As 
between  nitric  acid  and  solid  nitre  no  difference  worth  mentioning 
can  be  established ;  if  any  thing,  slightly  less  nitre  is  used  in  the 
solid  form  than  as  nitric  acid,  if  not  the  acid  itself,  but  the  nitre 
from  which  it  was  originally  made  is  taken  as  the  basis  of  calcu- 
lation, as  it  ought  to  be. 

Notes  collected  during  the  last  few  years  : — ^English  works  2*5 
to  3*5  per  cent.  At  one  works  they  asserted  that  the  actual  loss 
was  only  15  lb.  nitre  per  ton  of  pyrites,  that  is,  less  than  1*5  per 
cent,  on  the  sulphur,  with  only  17  cub.  ft.  chamber-space,  and  a 
yield  of  41 J  cwt.  96  per  cent,  salt-cake. 

A  first-class  German  works  with  specially  good  absorbing-appa- 
ratus and  16  cub.  ft.  chamber-space  : — 1'8  to  2*2  per  cent.  NaNOg 
on  sulphur  burnt. 

Pierron  (Monit.  Scient.  1900,  p.  567)  states  as  the  consumption 
of  nitre  in  France =075  to  1-12  kg.  per  100  H2SO4  (=2-25  to  3*36 
kil.  NaNOj  per  100  S)  for  pyrites  ;  and  I'O  kg.  for  100  H2SO4 
with  blende. 

II.  Yield  of  Sulphuric  Acid,  SO4H2. 
(Theoretically  306*25  parts  per  100  sulphur.) 

1st.  From  brimstone  (always  upon  the  sulphur  actually  burnt). 
290  to  300,  on  the  average  296  (Knapp) ;  297  SO^Hj =319-35  acid 
of  66°  Baume  (Schwarzenberg) ;  ''  usually  296  to  300 ;  even  the 
theoretical  quantity  has  been  obtained  '^  {sic  !  Payen,  i.  p.  321) ; 
290  to  300  (Scheurer-Kestner) .  At  some  American  works  visited 
by  myself  in  1890  the  yield  of  acid  was  stated =305  real  H^SO^, 
which  must  be  an  error,  attributable  to  wrong  specific-gravity 
tables,  &c. 
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2nd.  From  pyrites.  At  Oker,  in  1857, 1  cwt.  acid  of  66°  Baume 
per  1-89  cwt.  ore  (Knapp) ;  1859-63,  per  1729  cwt.  ore  (Kerl- 
Stohmann) ;  1877,  in  the  same  place,  160  chamber-acid  of  50^Baume 
(106°  Tw.)  were  obtained  from  ]00  pyrites;  from  100  rich  copper- 
ores  140  to  150  parts  of  chamber-acid^  from  100  "mixed  ores'* 
90,  from  100  ore  mixed  with  galena  70  parts  of  chamber-acid. 
The  residual  sulphur  in  the  cinders  from  pyrites  (always  containing 
galena)  amounts  to  6  per  cent.,  from  the  other  ores  to  10-12  per 
cent.  (Brauning). 

In  four  Belgian  works,  1854  (OflScial  Report),  on  100  parts 
sulphur  in  the  pyrites  charged  242,  237,  259,  238  parts  SO4H2. 
The  same  works  in  1874  by  improved  arrangement  had  arrived  at 
87*81,  92-17,  85-50,  89*30,  per  cent,  of  the  theoretical  quantity,  or 
268-8,  282-4,  261-8,  273*5  SO4H3  per  100  S  (Chandelon). 

In  the  best  French  works  (Schwarzenberg),  on  100  sulphur  in 
the  pyrites  charged,  259*7  SO4H2 ;  on  the  sulphur  really  burnt, 
283-43.  Payen  (/.  c.  p.  322)  makes  precisely  the  same  statement, 
with  the  addition  that  usually  from  100  kilog.  46-per-cent.  pyrites 
100  to  115  kilog.  acid  are  obtained  (=239-1  to  250  SO4H2  per  100 
sulphur).  According  to  Scheurer-Kestner  (/.  c.)  there  ought  to  be 
the  same  yield  on  the  really  burnt  sulphur  of  pyrites  as  upon 
brimstone,  viz.  290  to  300  parts.  According  to  Wright,  with  rich 
Spanish  pyrites  82  to  84  per  cent,  of  the  sulphur  is  obtained  as 
acid  ',  of  the  loss  of  16  to  18  per  cent.,  4  or  5  per  cent,  is  sulphur 
left  in  the  cinders,  and  12  or  14  per  cent,  other  losses.  This  means 
a  yield  of  251  to  257-25  SO4H2  per  100  sulphur  charged  (evidently 
with  insuflBcient  chamber-space).  An  anonymous  chemist  (in  the 
Chem.  News,xiv.  p.  22)  states  the  yield  from  30-per-cent.  Irish 
pyrites=82  to  81*1  per  cent,  of  the  theoretical,  inclusive  of  the 
sulphur  in  the  cinders. 

My  own  experience  and  reliable  statements  personally  obtained 
by  me  from  large  factories  (where,  however,  the  acid  made  was 
mostly  calculated  from  the  salt  decomposed)  are  as  follows : — 
(fl)  238-5  SO4H2  on  the  sulphur  charged,  with  40-per-cent.  small 
pyrites  burnt  in  mutBe- furnaces ;  (4)  240  SO4H2,  ditto,  with  42- 
per-cent.  lump  ore :  both  without  a  Gay-Lussac  tower,  (c)  263*2 
on  sulphur  charged  (own  experience),  with  Gay-Lussac  tower,  but 
the  work  being  several  times  interrupted,  (rf)  272  to  275  ditto 
(own  experience),  with  a  Glover  and  a  Gay-Lussac  tower,  the 
latter  not  large  enough,     (e)   276-4  on  the  sulphur  charged,  or 
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301*5  on  the  sulphur  burnt  (average  result  of  a  large,  well- 
managed  factory  with  Glover  and  Gay-Lussac  towers),  (/)  a 
number  of  notes  collected  in  1878  from  the  best  German  and 
French  works  agree  most  remarkably  to  a  yield  of  270-272 
SO4H2  on  the  sulphur  charged,  or  285  to  290  on  sulphur  burnt. 
In  the  warmer  climates  the  yield,  even  with  sufficient  chamber- 
space,  is  always  found  somewhat  less  in  summer  than  in  winter^ 
about  3  per  cent. 

The  consumption  of  coals  for  chamber-steam  is  stated  =16*3 
kilog.  per  100  kilog.  SO4H2  as  the  average  of  eight  French  factories 
working  without  Glover  towers ;  at  an  English  works  with  Glover 
tower  the  coal  used  for  the  chambers  and  the  air-pump  amounted 
to  17-5  parts  per  100  parts  of  SO4H2.  At  Stolberg  (1902)  only 
8*5  parts  of  coal  was  used  for  the  chambers  and  air-pump  for  100 
parts  acid  of  spec.  grav.  1*71,  or  10*9  parts  to  100  H3SO4.  Other 
statements,  partly  above,  partly  below  those  just  mentioned,  will 
be  found  in  the  following  calculations. 

Naville  (Lunge  &  Naville,  '  Fabrication  de  la  Sonde/  i.  p.  413) 
gives  the  following  statements  from  French  works,  for  periods 
before  1880  :— 


a. 
h. 
c. 
1  d. 
e. 
/. 


Expended  for  100  parts  of  H^SO^  produced. 


Pyrites : 


parts. 


73 

880O 
92 
95-2 
100 
93 


per  cent.  S. 


49-0 

423 

41 

40 

40 

40 


Nitre: 
parts. 


1-45 
2  70 
314 
2-96 
3-10 
2-76 


Goals : 
imrts. 


190 

12-2 

13 

12 

12 

11-12 


H2SO4  produced 


for  each  100 

parts  sul- 
phur parts 


277 

267 

265-2 

262-4 

250 

268-5 


per  cubic 

metre  in 
24.  hours. 


about  1*5 
1-58 
210 
1-60 
1-58 
1-28 


a.  Shelf  •burner,  Gay-Lussac  and  Glover  towers. 

b.  Oliver-Perret  furnaces,  no  Gky-Lussac  or  Glover  towers. 

c.  Ditto  (notice  the  slightly  inferior  yield  and  greater  waste  of  water,  with  somewhat 

less  chamber-space). 

d.  Poor  pyrites,  small  works,  no  Gay-Lussac  or  Glover  tower.     Average  of  a  year. 

e.  Same  works,  during  the  hottest  month. 

/*.  Same  works,  when  burning  less  pyrites  in  the  same  chamber-space  as  before. 
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Sorel  remarks  that  the  just-quoted  statements  of  Naville's  do 
not  represent  the  present  results  obtained  at  the  best  French 
works.  One  apparatus  at  POseraie  during  the  first  10  months 
when  the  Glover  and  Gay-Lussac  towers  had  to  be  supplied  with 
acid,  and  all  the  chambers  with  nitre,  yielded  143'3  H2SO4  for 
100  parts  of  50-per-cent.  pyrites,  with  an  expenditure  of  1*03 
kilog.  nitre  per  100  H2SO4,  and  an  average  make  of  3*359  kilog. 
H2SO4  per  cubic  metre  (that  is,  rather  more  than  14  cubic  feet 
per  lb.  of  sulphur  burnt).  At  the  end  of  the  year  the  same 
apparatus  made  4*128  kilog.  per  cubic  metre  (  =  only  11*5  cubic 
feet  of  chamber-space  per  lb.  of  sulphur  burnt !)  ;  the  yield  was 
148*81  kilog.  H2SO4  per  100  kilog.  50-per-cent.  pyrites,  with 
0*8  per  cent,  sulphur  left  in  the  cinders.  This  means  301*2 
H2SO4  per  100  sulphur  burnt,  and  0*75  nitre  per  100  H2SO4,  or 
2*26  commercial  nitre  per  100  sulphur  burnt.  These  figures, 
which  Sorel  took  from  the  books  of  the  Saint-Gobaiu  Company, 
are  certainly  in  every  respect  astonishingly  much  better  than  any- 
thing I  have  heard  of  elsewhere  from  the  best-managed  works,  let 
alone  the  remarkably  small  chamber-space,  and  I  must  confess 
that  I  do  not  understand  the  possibility  of  such  results. 

Kienlen  (Monit.  Scient.  1889,  p.  1238)  makes  the  following 
statements  concerning  the  work  done  at  the  best  French  factories 
in  the  year  1889.  With  good  pyrites  and  properly  constructed 
apparatus,  the  yield  on  100  parts  of  sulphur  burned  is  295  H2SO4. 
100  parts  of  pyrites  leave  about  68  parts  of  cinders,  with  an  average 
percentage  of  1  per  cent,  sulphur.  With  Sain-Bel  ore  of  51*5-per- 
cent.  S,  100  parts  of  pyrites  will  yield  2*95  x  (51*5-0*68)  =  150  parts 
of  monohydrated  sulphuric  acid,  corresponding  to  a  yield  of  291 
H2SO4  on  100  S  in  the  pyrites  charged.  There  is  thus  a  loss  of 
15*25  HjjS04,  or  4*97  per  cent.,  the  sulphur  being  used  up  as 
follows  : — 

Recovered  in  the  shape  of  H2SO4  95*03 

Lost  in  the  exit-gases 3*65 

Lost  in  the  cinders  1*32 


100*00 


The  consumption  of  nitrate  of  soda  in  the  best  works  averages 
0*90  for  100  monohydrate  produced  =  1*35  for  100  pyrites,  or  2*60 
for  100  sulphur  charged.     This  is  obtained  even  with  '^  forced 
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work,"  where  1  cubic  metre  of  chamber-space  is  made  to  yield  3'5 
or  even  4  kilog.  of  H2SO4  in  24  hours. 

I  have  been  favoured  by  the  firm  of  Ernst  Giissefeldt,  of  Ham- 
burg,  with  the  originals  of  six  years^  returns  of  the  acid-works  at 
Hamburg  and  at  Kastrup  (near  Copenhagen),  with  permission  to 
publish  the  results.  The  following  are  the  averages  taken  from 
the  six  years^  returns  (1884-1889),  and  they  are  very  good 
examples  of  the  way  of  stating  the  yields : — 

A.  Hamburg  works. 
Description  of  Pyrites  :  Rio  Tinto. 

Average  quantity  burnt  per  annum  2775'6   tons. 

percentage  of  sulphur  in  pyrites 48*8   p.  c. 

quantity  of  sulphur  in  pyrites  bought   ...  1354*6   tons. 

„                 „          acid  106°  produced 63222       „ 

The  same  reduced  to  real  H2SO4  39482       „ 

Sulphur  contained  in  acid  produced 1290*0       „ 

„        lost 64-6       „ 

Per  cent,  sulphur  lost  in  cinders  * 2*69  p.  c, 

„             „             „      chamber-process    2*03    „ 

„             „         lost  altogether  4'71    „ 

95  per  cent,  nitrate  of  soda  consumed,  total 50*9   tons. 

Ditto,  per  cent,  of  sulphur 3*75  p.  c. 

Ditto,  per  cent,  of  acid  106°  Tw 0*80    „ 

Real  H2SO4  made  per  100  pyrites 142*5      „ 

„               „              sulphur    291*9      „ 

B.  Kastrup  works, 

» 

Pyrites  burnt  per  annum  (average)  . .  1896*2  tons. 

Sulphur  in  pyrites  (average)  49*2  p.  c. 

„             „          per  annum  (average) 932*8  tons. 

Acid  106°  produced  per  annum  (average) 4215*2       „ 

„     calculated  into  real  H2SO4    2534*5       „ 

Sulphur  contained  in  acid  produced 860*2       „ 

„       lost  altogether  71*9       „ 

„          „    in  cinders  6*85  p.  c. 

*  The  quantity  of  sulphur  found  in  the  cinders  was  from  2'8  to  4 ;  there  was 
70  cinders  assumed  per  100  green  ore. 
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Sulphur  lost  in  chamber- process    0*90  p.  c. 

y,         „     total   7-75    „ 

95  per  cent,  nitrate  consumed  (average)   22*92  tons. 

„             ,,          per  100  sulphur 2*41     „ 

„             „             „          acid  106°  Tw 0-50    „ 

Real  H2SO4  made  per  100  sulphur    282*9 

Coals  used  per  annum  (average)    309*4 


>9 


The  remark  is  added  that  the  possible  errors  in  stock-taking 
through  inaccuracies  of  tables  and  so  forth,  taking  them  all  as 
increasing  the  real  yields^  cannot  possibly  in  the  aggregate  amount 
to  more  than  4  parts  of  H2SO4  per  cent,  of  sulphur^  so  that^  for 
instance^  the  minimum  quantity  really  made  at  the  Hamburg 
works,  in  lieu  of  291*9,  might  be  288  per  cent,  of  the  sulphur. 

Cause  of  the  Losses  in  Manufacturing  Sulphuric  Acid. 

The  causes  of  the  loss  of  nitre  have  been  mentioned  in  detail, 
p.  706.  They  are  (1)  loss  of  nitre-gas  carried  into  the  outer  air, 
(2)  nitrogen  compounds  left  in  the  chamber-acid,  (3)  nitre-gas 
reduced  to  N2O  or  N. 

The  loss  of  sulphuric  acid  itself  arises  from  the  following 
causes : — 

1.  Incomplete  combustion  of  the  sulphur  (loss  in  the  cinders) ; 
this  has  also  been  spoken  of  before  (p.  315).  With  brimstone  this 
loss  is  not  worth  mentioning ;  with  pyrites  it  is  so  much  the  greater 
the  poorer  the  ores  are,  and  besides  it  varies  enormously  according 
to  the  construction  of  the  burners  and  the  care  with  which  they 
are  worked,  from  1  to  10  parts  and  more  of  sulphur  per  100 
pyrites,  or  from  2  to  30  per  cent,  of  the  total  sulphur.  A  portion 
of  the  sulphur  is  sublimed,  and  is  found  in  the  connecting-pipes 
and  in  the  acid  itself,  and  is  a  clear  loss. 

2.  Losses  of  SO^  by  leakages  of  burners,  pipes,  chambers,  &c. 
By  bad  draught  much  loss  may  occur,  since  then,  at  the  doors  of  the 
burners,  nitre-ovens,  &c.,  the  gas  continually  blows  outward.  Bad 
pipe-joints,  but  especially  chambers  worn  down  too  much,  lead  to 
great  losses.  I  have  seen  chambers  which,  when  ultimately  stopped, 
presented  in  their  interior  the  image  of  the  starry  sky  from  the 
innumerable  holes  in  the  top ;  and  Wright  (Chem.  News,  xvi.  p.  93) 
has  independently  used  the  same  simile.     Many  manufacturers 
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have  no  idea  of  the  great  loss  which  they  suffer  in  this  way,  by 
allowing,  from  motives  of  ill-timed  economy,  a  chamber  to  go  on 
too  long  and  trying  to  patch  it  up.  Wright  found  in  a  chamber- 
system  that  went  three  years  without  repairs : — 

Nitre  for  100     Cubic  metrefl  of  cbamber-       Practical  ^ield 

parts  of         ipace  per  kilog.  of  sulphur        (theoretical 
sulphur  burnt.  burnt  per  diem.  =100). 

First  year   9-31  1150  815 

Second  year    ...     9'84  1073  75-4 

Third  year  1 0-02  1  01 7  68*4 

3.  Losses  of  SO2  by  incomplete  conversion  into  sulphuric  acid. 
Extremely  little  80$  can  remain  dissolved  in  chamber-acid  if  there 
is  an  excess  of  nitrous  compounds  present ;  the  greater  portion  of 
any  remaining  SO2  escapes  from  the  chambers  into  the  outer  air. 
The  reason  of  this  may  be  irregularity  of  the  process  in  general^ 
want  of  nitre,  insufficient  chamber-space,  insufficient  draught,  &c., 
as  explained  in  detail  previously.  The  losses  from  this  source  are 
nearly  always  much  greater  where  the  nitre  is  not  recovered,  for 
the  reasons  stated  above.  The  very  widely  divergent  statements 
respecting  the  yield  of  sulphuric  acid  are  explained  to  a  great  extent 
from  this  cause  alone. 

Statements  of  Costs  for  the  Manufacture  of  Sulphuric  Acid. 

1.  From  Brimstone. 

(Older  statements  in  the  2nd  edition  pp.  764  and  765.) 

The  following  cost-sheet  for  brimstone-acid  at  an  American 
works  has  been  supplied  to  me  from  a  thoroughly  authentic  source ; 
it  refers  to  the  year  1888 : — 

Brimstone,  1,637,1271b $19,070*00 

Nitre,  91,057  lb 1,858-00 

Sulphuric  acid  60°  B.,  80,380  lb 402*00 

Labour  for  operating  and  repairs  2,096*81 

Office  expenses 3,100*00 

Coal,  454  tons  (at  2240  lb.)     463*00 

Oil,  tools,  &c 240-00 

Repairing  materials  68800 

Carried  forward  $27,917-81 
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Brought  forward     ?27,917-81 

Depreciation  of  buildings,  furnaces,  and  cham- 
bers, at  50  eta.  per  ton  of  acid  produced    ...  1,721*00 
Ditto  of  machinery,  boilers,  &c.,  at  10  cts.     . . .  344i'00 

Insurance   775-00 

Interest  6  per  cent,  on  $60,000  3,60000 

Ground-rent 204-00 

$34,561  81 
Sulphuric  acid  60°  Baum«  produced  6,885,373  lb. 
Cost  of  100  lb.  acid  60°  Baum^    50-2  cents. 

N.B. — The  nitre-cake,  having  very  little  value  in  America,  is 
not  taken  into  account.  The  consumption  of  nitre  at  the  above 
■works  was  unusually  high  (5  per  cent,  on  the  sulphur),  owing 
to  the  small  size  of  the  Gay-Lussac  tower. 

2.  From  Pyritet. 
(Comp.  statements  referring  to  former  periods  in  the  2nd  edition 
p.  766  et  seq.) 

I  have  received  the  following  altogether  authentic  account  of 

the  cost  of  making  sulphuric  acid  at  a  first-class  English  alkali- 
works  for  the  12  mouths  ending  Dec.  31,  1889. 

One  ton  of  real  O.V.  (H,SOj,  in  the  shape  of  acid  of  148°Tw., 
required  on  the  yearly  average : — 

£  >.     d. 

1412  cwt.  pyrites,  at  118*.  per  ton 0  8     4-0 

27-06  lb.  nitre,  at  jfiy  9».  per  ton  0  2     3-4 

5-30  cwt.  coals,  at  5s 0  1     39 

Process  wages  0  3     37 

Repairs  (incl.  wages)  0  4     4-1 

General  expenses  and  salaries 0  2     1-0 

Sundries   0  1     44 

-61     3     0-5 

The  pyrites  used  was  Spanish  ore,  testing  on  an  average  49*55 
per  ceni.  sulphur.  The  yield  of  real  HjS04  on  the  sulphur  bought 
was=286  per  cent.,  on  the  sulphur  burnt=exactly  300  per  cent, 
(calculated  by  Kolb's  table).  The  chamber-space  was  rather 
more  than  16  cubic  feet  per  lb.  of  sulphur. 

3  p2 
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For  Prancey  Sorel  gives  the  following  statements  concerning  the 
cost-price  of  acid  of  50°  B.  (=160°  Tw.)  at  TOseraie  (comp. 
p.  935),  in  November  1885  :— 


Superintendence  

Labour  

Pyrites 

Nitric  acid  36°  B 

Coal  

Lighting    

Sundries    

Work    of    strange  1^ 

machines j 

Bepairs 

General  and  unfore- 1 

seen  expenses j 


Quantities. 


Total. 


kil. 


374,560 

5,409 

87,850 


Per  100 
kil.  acid. 


42-00 
0-61 
9-85 


Deduct: 
Cinders  sent  out  258,500  1    28-98 


Price. 


Amount. 


Altogether. 


frcs. 

frcs. 

286.00 

1199-70 

2600 

9738-30 

26-58 

1455-66 

21-50 

1888-75 

3-00 


302-20 
3000 

438-50 

587-75 
63100 


775-50 


frcs. 

0-031 

0-13/ 
1-09] 
0-16  j 
0-22 
0-04] 

005  j 

0-07 

007 


009 


Total. 


Altogether,  i   ^qq  ^^ 


frcs. 


frcs. 


1,484-70  ;     016 

11,191-96  1 25 

1,888-76  0-22 

770-70  0-0(* 

687-75  0-07 

631-00  007 


16,554-86       1-86 
775-60  ,    0-09 


Produced  891,821  kil.  acid  50°  B. 
Equal  to  657,388  kil.  H^SO,.... 


=  15,779-36      1-77 
=2-83 


There  was  produced  for  100  kil.  50  per  cent,  pyrites  :  148*81 
HgSO,. 

Commercial  nitrate  expended  per  100  H3SO4 :  0*74. 
„  „  „  „    100  pyrites:  1-11. 

To  the  above  items  of  expenditure  should  be  added  the  amorti- 
zation of  the  plants  the  cost  of  which  is  detailed  on  p.  935,  taking 
the  buildings  per  year  at  ^^^  cost-price,  furnaces,  chambers,  towers, 
&c.  at  i^,  steam-boilers  and  engines  at  ^  cost-price,  which  comes 
to  31,647  francs  per  year  in  all,  or  0*527  franc  per  100  kils. 
H2SO4  for  the  first  4  years,  0*39  frc.  from  the  5th  to  the  9th 
year,  0'09  frc.  from  the  10th  to  the  20th  year.  (We  cannot 
admit  that  the  amortization  should  be  calculated  at  such  a  low 
figure  from  the  fifth  year  onward,  as  the  depreciation  of  the 
furnaces,  chambers,  boilers,  &c.  must  certainly  be  taken  into 
account,  and  the  *^  amortization ''  should  include  the  sums  neces- 
sary to  provide  for  their  renewal.) 


COST  OF  PYRITES-ACID.  949 

The  cost  of  concentrated  acid  is  stated  by  Sorel  as  follows,  starting 
from  acid  of  53°  B.  (  =  116°  Tw.)  :— 

francs. 

1390  kil.  acid  of  53°  B.  (  =  1490  of  50°  B.).  @  f.  20-36    . . .  28-31 

Sulphate  of  ammonia  10  kil @       330     3*30 

Coal  for  firing  150  kil @         22     3*30 

y,      ,,    motive  power  (pumps)    @         30    0*66 

Share  of  engine  work 0*50 

Labour     1-60 

Repairs    0*60 

Amortization  of  platinum  stills 3*00 

General  expenses    0*50 


Cost  of  1000  kil.  acid  93  p.  c.  H2SO4  41-77 

This  is  understood  for  a  production  of  9  or  10  tons  acid  per  day 
in  two  coupled  platinum  stills.  The  amortization  of  the  buildings 
is  not  included. 

In  Germany,  P.  Curtius  (the  owner  of  a  large  vitriol-works  at 
Duisburg,  on  the  Rhine)  discusses  at  length  the  cost  of  sulphuric- 
acid-making  (Chemische  Industrie,  1879,  p.  187).  His  statements 
are  of  great  interest,  as  they  refer  to  old-established  works  whose 
produce  of  vitriol  was  almost  entirely  sold  as  such,  whilst  other 
figures  frequently  refer  to  works  where  all  general  expenses  were 
charged  to  alkali.  The  following  costs  all  refer  to  acid  concen- 
trated to  144°  Tw.  by  steam-heat  (comp.  mpra,  p.  828),  exclusive 
of  packages  and  transit.  We  give  only  the  maxima,  minima,  and 
averages  of  the  14  years  over  which  the  figures  range,  viz.  1865 
to  1878,  in  shillings  per  ton  : — 

Minimum.   Maximum.   Ayerag 

(1)  Wagee 536 

(2)  General  expenses  (Management,  Insurance,  \  0.4Q 

Rates,  Taxes,  Lighting,  Cartage) J 

(3)  Office  expenses  (without  commissions,  &c.)  1*98 

(4)  Repairs  331 

(5)  Amortization  of  plant  (4  per  cent,  on  old,  1  ey.ot 

10  pep  cent,  on  new  plant)    f 

(6)  Interest  on  capital    3'11 

Total    19-40 

Extra  expenses  for  new  plant 

Annual  working-days  304*4 


8-48 

6-55 

4-73 

4-23 

277 
9-31 

2-32 
6-93 

3-72 

2-83 

4-26 

3-56 

33-26 

6-63 

352-4 

25-42 

1-61 

329-40 
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If  the  acid  had  to  be  sent  out  in  glass  carboys^  which  were 
returned  by  the  buyer,  this  caused  an  expense  of  4*.  to  6*. 
per  ton ;  but  sending  it  out  in  copper  or  lead  vessels  cost  only 
from  0*6  to  Is.  per  ton  for  repairs^  8cc.,  of  course  exclusive  of 
carriage. 

Most  of  the  above-stated  items  appear  to  be  excessively  high. 
As  their  bona  fides  cannot  be  doubted^  they  point  to  the  fact  that 
the  process  was  not  carried  on  in  the  most  economical  manner. 
This  becomes  almost  certain  by  the  following  statement,  which  I 
have  received  from  the  most  authentic  possible  source.  It  refers 
to  an  old-established  German  works  and  to  the  year  1889.  (The 
'^  Mark  **  may  be  taken  as  slightly  less  than  a  shilling.) 

Cost  of  1000  kiloff.  (=a  ton)  of  real  HjSO^  in  the  shape  of 

acid  of  142°  Tw. 

702  kil.  pyrites  47  per  cent,  at  M.  1  i  per  100  kil.  =  Marks  1053 

131  „    nitrateof  sodaatM.  20...^ 262 

132  „    coals  at  M.l  , :....  1-32 

Wages  for  process    3'36 

Repairs  of  buildings  and  apparatus     1*81 

General  expenses  and  management     2*56 


22-20 


This  does  not  comprise  amortization  of  the  plants  for  which 
about  3  M.  per  ton  must  be  charged^  making  the  total =M.25*20, 
or  rather  less  than  25«.  per  ton  of  H3SO4,  exclusive  of  packages. 

For  Germany,  Niedenfiihr  and  Liity  in  1902  (Zsch.  ang.  Ch. 
1902,  p.  242)  give  the  following  figures,  referring  to  a  plant  pro- 
ducing acid  equal  to  20  tons  real  H2SO4  in  24  hours.  When 
working  with  50  per  cent.  Portuguese  pyrites,  94*5  per  cent,  of  the 
sulphur  is  utilized,  3^  per  cent,  being  left  in  the  cinders  and  2  per 
cent,  being  lost  in  the  chamber-process.  Reckoning  2  Marks  per 
100  kil.  of  pyrites  (after  deducting  the  value  of  the  cinders),  the 
cost  of  sulphur  for  100  kil.  H2SO4  in  the  shape  of  chamber-acid  is 
=  M.  1*28.  The  consumption  of  nitric  acid  36°  B.  with  proper 
work  is  I'l  part  to  100  H2SO4,  or  at  a  price  of  19  M.  per  100  kil.  = 
0-21  M. ;  coals,  12  parts  at  16  M.  =  0*19  M.  per  100  H2SO4.     The 
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labour  is :  2  men  for  tbe  steam-boilers,  3  men  for  moving  the 
raw  materials  and  cinders  &e.,  8  men  for  pyrites-burners,  2  men 
for  tbe  chambers  (the  acid  being  automatically  pumped)  ;  alto- 
gether 15  men  at  3  Marks  =  45  Marks  or  0225  M. per  100  kil. 
[Both  the  number  of  men  and  the  wages  are  reckoned  rather 
low.] 

When  employing  mechanical  dust-burners  (p.  349)  the  wages 
for  100  kil.  HjSO,  decrease  to  0165  M.,  repairs  014  M. 
General  expenses  are  not  enumerated,  as  the  calculation  in  question 
is  to  serve  for  a  comparison  o£  a  cost  of  acid  made  by  the 
chamber- process  and  such  made  by  the  contact-process ;  but  this 
refers  only  to  management,  rates,  taxes,  insurance,  &c.,  while  the 
figure  for  amortization  and  interest  is  of  paramount  importance 
in  that  respect. 

Amortization,  in  the  case  of  sulphuric -acid  works  on  the 
ordinary  chamber-system,  as  erected  in  Germany  during  the  last 
20  years,  may  be  reckoned  on  the  basis  of  tbe  following  cost  of 
plant  for  works  turning  out  20  tons  HgSO^  per  day  • ; — 

Marks. 

Ground-space  2500  sq.  met.  @  20  M 50,000 

Buildings 100,000 

Steam-boilers  and  engines 16,000 

Pyrites-kilns  and  gas-flues 48,000 

Glover  chambers  and  Gay-Lussac 156,000 

370,000 

Assuming  7^  per  cent,  average  amortization  on  plant,  and  5  per 
cent,  interest  on  total  cost,  that  means  42,000  M.  per  annum,  or 
per  100  kil.  HjSOi  0583  M.  for  amortization  and  interest. 
Where  the  plant  is  not  constructed  on  rational  and  economical 
principles,  this  figure  will  be  certainly  exceeded  and  in  reality  in 
many  practical  cases  reaches  0'75  M,  and  upwards. 

This  shows  the  very  great  importance  of  saving  in  the  first  cost 

•  This  wtimate  differo  from  that  which  Mr.  NiedenfUht  has  made  of  the  plant 
sbowninfigB.  434to4S7  (p.031)uiseverBlTespect8.  The last-mentioDed  estimate 
applies  to  B  cheaper  kindofchaiuber-buildiug,  to  lump-burners  in  lieu  of  auuJls'- 
furoaces,  and  to  a  larger  chamber-space  than  Mr.  Niedenluhr  thought  □ 
in  his  latest  estimate. 
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of  plants  not  in  the  wrong  directions^  but  by  increasing  the  yield  of 
a  certain  cube  of  chamber-space  by  means  of  larger  and  better 
packed  Glover  and  Gay-Lussac  towers,  by  properly  constructing  the 
gas-tiues,  and,  where  necessary,  applying  mechanical  means  with  a 
view  to  good  draught,  and  principally  by  replacing  part  of  the 
chambers  by  more  energetically  acting  apparatus  (pp.  471  et  seq,), 
which  promote  better  contact  and  better  cooling  of  the  gases, 
vapours,  and  misty  particles.  The  principles  for  applying  such 
*'  reaction-towers''  are  explained  pp.  492  et  seq. 

We  have  also  shown  on  p.  934  how  Niedenfiihr  plans  a  rational 
chamber-system  on  that  principle.  The  cost  of  such  a  combina- 
tion of  chambers  and  towers  would  be  (for  20  tons  H2SO4  per 

diem) : — 

Marks. 

Ground-space  1850  sq.  met.  @  20  M 37,000 

Buildings 34,000 

Steam-boilers  and  engines 16,000 

Mechanical  pyrites-burners  and  flues    50,000 

Chambers  and  towers  98,000 

235,000 

Reckoning  7^  per  cent,  amortization  on  plant  and  5  per  cent, 
interest  for  plant  and  ground-space,  we  arrive  at  a  sum  of  26,600 
Marks  =  0-37  M.  per  100  kil.  H2SO4. 

With  a  [hypothetical]  system  consisting  of  towers  only,  as 
sketched  p.  494,  Niedenfiihr  reckons  the  total  cost  of  plant  and 
ground-space  at  84,000  Marks,  for  a  production  of  7200  kil. 
H2SO4.  This  is  =  0*384  M.  amortization  and  interest  per  100  kil. 
H2SO4,  and  shows  that  this  part  of  the  costs  is  practically  no 
higher  than  the  last  calculated  figure  even  for  such  a  small 
factory  (producing  7  tons  H2SO4  per  day)  when  working  entirely 
without  chambers.  [This  part  of  the  calculation  Is  not,  like  the 
remainder,  based  on  actual  experience.] 

Niedenfiihr  now  gives  the  following  synopsis  (founded  on  actual 
observations  and  at  the  date  above  mentioned)  of  the  cost  of 
100  kil.  H2SO4  in  the  shape  of  chamber-acid  or  Glover-tower  acid, 
without  the  cost  of  management  &c. : — 
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Older  system,  Combination  of 

Chambers  only,  Chambers  &  Lunge 

hand-worked  towers,  mechanical 

burners.  pyrites-burners. 
Marks. 

Pyrites 

Nitric  acid  

Coals    

Wages 

Repairs    

Amortization  and  interest 


Marks. 

Marks. 

1-28 

1-28 

0-21 

0-21 

0-19 

019 

0-225 

0165 

014 

012 

0-583-070 

0-37 

2-628- 

-2745 

2-335 

With  the  figures  thus  found  Niedenfiihr  and  Liity  compare 
those  referring  to  the  contact-process.  They  reckon  the  cost  of  a 
contact-plant  for  20  tons  H2SO4  per  diem  =  400,000  M.,  of  which 
37,000  M .  are  for  ground-space.  At  5  per  cent,  capital  interest  and 
7^  p.  c.  amortization  on  plant  this  is =0*67  M.  per  100  kil.  H2SO4. 
The  royalties  vary  from  75,000  to  150,000  Marks  =  0*104  to  0-209 
M.  per  100  kil.  H3SO4.  The  cost  of  pyrites  =  1-28  M.  as  before. 
Coals,  according  to  various  reports,  are  assumed  to  average  22 
parts  per  100  H2SO4,  or  at  16  Marks  per  ton  =  0*352  M.  per  100 
kil.  The  wages  must  be  rather  higher,  say  0*195  M.  to  0*255  M. ; 
repairs  no  less  than  in  the  case  of  chambers.  Thus  the  authors 
arrive  at  a  cost  of  from  2529  to  2*996  Marks  per  100  kil.  HsS04 
made  by  the  contact-process,  which  is  essentially  higher  than  the 
figures  found  previously  for  acid  made  by  the  old  process.  [It 
must  be  noticed  that  the  latter  estimates,  but  not  the  former,  are 
based  upon  N.  &  L.'s  own  experience.] 

The  above  refers  to  acid  up  to  the  strength  of  Glover-tower  acid. 
The  case  is  very  different  when  stronger  acids  are  required ;  in 
the  case  of  the  contact- process  the  cost  is  exactly  the  same  per 
100  H2SO4,  but  in  that  of  the  old  process  the  cost  of  concentration 
must  be  taken  into  consideration. 

For  producing  20  tons  H2SO4  in  the  shape  of  93  per  cent,  acid, 
the  cost  of  a  platinum  concentrating-plant,  inclusive  of  buildings 
and  lead  pans,  varies  between  140,000  and  260,000  Marks.  Apart 
from  the  loss  of  platinum  (which  in  the  case  of  Heraeus^s  platinum- 
gold  apparatus,  p.  877,  is  from  0*23  to  0*30  M.  per  20  tons),  we 
mnst  reckon  5  per  cent,  interest,  and  with  cheaper  (but  more  hard- 
worked)  apparatus  3  per  cent.,  with  dearer  apparatus  1^  per  cent. 
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amortization^  which  together    amount  to  a  minimum  of  2920 

and  a  maximum  of  47  Marks   per  20  tons.     From   this^   and 

taking  as  a  basis  the  above-calculated  cost  of  2*335  Marks  per 

100  kil.   H3SO4  ill  the  shape   of   chamber-acid  [comp.   p.  953, 

taking  the  more  favourable  figure,  as  brought  out  by  utilizing  all 

rational  improvements  I],  Niedenfiihr,  and  Liity  make  the  following 

calculations : — 

Maximum     Minimum 

cost.  cost. 

Marks.  Marks. 

20,000  kil.  H2SO4  @  2-335  M 467  467 

3,600  kil.  coals  @  16  M.  per  ton  —  5760 

or4,400     „         „         „         „        70-40  — 

4  men  at  3  Marks   12  12 

Loss  of  platinum  (in  case  of  Heraeus  metal)  0*30  0*23 

Repairs 10  7*50 

Interest  and  amortization  47  29*20 

21,440  kil.  acid  of  93  per  cent 60670        573-53 

100         „  „  „         2-83  to       2-67 

This  shows  that,  with  large-sized  platinum  apparatus  the 
expense  is  decidedly  greater,  although  they  suffer  less  than  smaller 
apparatus. 

Cast-iron  concentrating-apparatus  requires  much  more  fuel  (up 
to  50  per  cent.),  more  labour,  more  repairs,  and  much  more  amorti- 
zation (10  per  cent.),  so  that  the  total  cost  of  acid  is  always  much 
higher  than  with  platinum  apparatus.  But  it  is  quite  different 
with  Kessler  furnaces  (p.  903),  especially  when  combined  with 
lead  pans  heated  by  the  flues  of  pyrites-burners  (p.  823) .  This 
plant  costs  only  35,000  Marks  per  20  tons  H3SO4,  inclusive  of 
buildings,  and  from  this  Niedenfiihr  and  Liity  derive  the  following 
calculation : — 

Marks. 
20,000  kil.  H2SO4  as  chamber-acid  (gj  2335  M.     467 

2,000  kil.  coke  (g  M.  16   32 

1,200   „    coal(§         16    19-20 

4men(g3M 12 

Repairs  (from  practical  figures)    6 

Amortization  and  interest  15  p.  c.  on  35,000 M.       1460 

21,441  kil.  93  percent,  acid 55080 

1^^         «  )}       )}       jj    2*57 
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Up  to  96  per  cent,  acid  Kessler  apparatus  can  be  used  as  well. 
For  acid  up  to  98  per  cent.  Heraeus  stills  should  be  used,  and  the 

costs  would  be : — 

Marks. 

20,000  kil.  H2SO4  as  chamber-acid 467 

5800  kil.  coal  @  16  M 92-80 

6  men  @  3  M 18 

Loss  of  platinum     0*45 

Repairs 20 

8  p.  c.  interest  and  amortization  on  380,000  M.  6222 

2,050  kil.  97-98  per  cent,  acid 66047 

The  same  acid  made  by  the  contact-process  would  cost  for  93 
per  cen*.,  2-35-2-79  M.,  for  97/98  per  cent.,  2-47-2-93  M.  (in 
each  case  exclusive  of  management  &c.). 

The  following  table  gives  a  synopsis  of  the  above  calculation  of 
costs  (in  Marks)  of  100  kil.  concentrated  acid  : — 

(a)  93  per  cent.  H2SO4. 

Made  in  a  platinum-  Made  in  a  Made  by  the 

gold  still.  Kessler  furnace.  contact-process. 

( ^ .  -7 ^' ; N 

minimum,   maximum.  minimum,  maximum. 

2-67        2-83  2-57  235         2  79 

{b)  97/98  per  cent.  HjSO^. 

Made  in  a  platinum-  Made  by  the  contact-process. 

gold  still.  / '' ^ 

minimum.        maximum. 

3-21  2-56  2-93 

From  this  Niedenfiihr  and  Liity  draw  the  following  conclusions : — 

For  the  manufacture  of  acid  of  50°  to  60°  B.  (t.  c.  up  to  78 
per  cent.  H2SO4)  a  rationally  constructed  system  on  the  old  process 
is  more  advantageous  than  the  contact-process. 

For  acid  of  93  per  cent,  the  contact-process  is  more  favourable 
than  the  old  system  with  concentration  in  platinum,  but  it  balances 
the  old  system  with  Kessler  furnaces. 

For  acids  of  higher  strengths  the  contact-process  has  a  decided 
advantage  over  the  platinum  concentration,  whether  combined  with 
cast-iron  apparatus  or  not. 

Lastly,  Niedenfiihr  &  Liity  make  the  following  remarks : — As 
chamber-acid,  made  by  plant  erected  on  modern  principles,  is 
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decidedly  cheaper  than  acid  of  50°  B.  made  from  anhydride,  and 
the  advantage  of  the  contact-process  comes  in  only  with  stronger 
acids,  that  strong  add  must  be  cheapest  which  is  made  by  dissolving 
SO3  made  by  the  contact-process  in  chamber-acid  or  in  acid  concen- 
trated to  60°  B.  by  tneans  of  lead  pans  placed  on  the  pyrites-burners. 
For  this  they  give  the  following  calculations : — 

Minimum.     Maximum. 
M-  M. 

100  kil.  93  per  cent,  acid  requires : 

33-6  kil.  S03=41  H^SO^  @  2-529 1037  — 

,,      ,,  „  „      @  2-996 —  1-224 

66-4  kil.  acid  60°  B.=51-8  H3SO4  made  by 

the  chamber-process  @  2*335 1  209         1  -209 

1 00  kil.  acid  93  per  cent,  costs  from 2246  to   2*433 

This  means  that  manufacturers,  under  present  circumstances, 
ought  to  keep  up  their  chamber  sets,  with  the  necessary  improve- 
ments (towers  &c.),  and  make  only  so  much  SOg  by  contact-pro- 
cesses as  is  required  to  bring  up  the  chamber-acid  to  the  necessary 
strength.  This,  of  course,  in  the  first  instance  presupposes  the 
employment  of  all  rational  improvements  in  the  shape  of  first-class 
Glover  and  Gay-Lussac  towers,  plate-towers  for  part  of  the  process, 
fan-blasts  where  necessary,  &c. ;  and,  secondly,  it  is  only  applicable 
for  a  somewhat  large  output.  For  smaller  plants  the  combination 
of  the  chamber-  and  contact-process  will  not  pay,  and  here  the 
Kessler  furnace  comes  in  very  well ;  or  else  several  small  makers 
might  combine  to  start  a  common  anhydride  plant. 

For  America  the  following  calculations  of  the  cost-price  of 
pyrites-acid  is  given  in  the  United  States  ^Mineral  Resources' 
for  1886,  p.  671  :— 

2^  short  tons  of  pyrites  (46  per  cent.),  at  10  cents')  oi  i  .ka 

per  unit  per  ton j 

60  pounds  nitrate  of  soda,  at  2^  cents 1-50 

5  cwt.  of  coal,  at  $4  per  ton 1*00 

Wages 3-00 

Superintendence  and  management    200 

General  jobbing  repairs 0*60 

Interest  on  capital  of  $100,000  at  10  per  cent.   . . .  615 

$25-75 
Produce  4J-  tons  of  50°  Baum^,  cost  per  ton  $5*50 
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Stahl  (Zseh.  f.  angew.  Chem.  1893,  p.  54)  quotes  the  cost  of 
producing  chamber-acid  of  50°  B^.  in  the  east  of  the  United  States 
as  follows  (in  bulk) : — 

A.  From  Brimstone. 

2*5  tons  brimstone  (5600  lb.)  at  $21     $52*50 

225  lb.  nitrate  of  soda    4'50 

200  lb.  sulphuric  acid  60^ Be.  at  $0-40     088 

4  men,  including  firemen 6*00 

Wear  and  tear  of  burners,  chambers,  buildings. . .  5*40 

Repairs 2  *  70 

Coals,  lighting,  &c 2*00 

Management    5  '00 

Capital  interest    5*00 

13*5  tons  chamber-acid  cost  $83*98 

I  ton  „  „ 6-22.: 

B.  From  Pyrites. 

5*5  tons  pyrites  (37  per  cent,  avail,  sulphur)  at  $6  $3300 

180  lb.  nitrate  of  soda     3*60 

2501b.  sulphuric  acid  60°  Be 1-00 

Breaking  pyrites  and  removing  cinders     1  40 

6  men,  including  firemen    900 

Wear  and  tear  of  burners,  buildings,  chambers  .  5  50 

Repairs 2*  75 

Coals,  lighting,  &c 2*00 

Management    500 

Capital  interest    5*50 

I I  tons  chamber-acid  cost $68*75 

1  ton         „  „         6*25 

The  purification  from  arsenic^  if  there  is  very  little  present, 
costs  10  cents  per  ton. 

Hence  the  costs  are  about  the  same,  if  a  ton  of  pyrites  with 
37  per  cent,  available  sulphur  costs  $6*00,  that  is  $16*20  for  the 
sulphur  contained  therein,  against  $21  for  Sicilian  sulphur.  The 
diflFerence  of  $4*80  represents  the  lower  value  of  available  pyrites 
sulphur  in  comparison  with  Sicilian  brimstone.     In  the  case  of 
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Spanish  or  other  pyrites  rich  in  arsenic,  the  difference  in  value 
must  be  taken =$1*50  more,  or=$6'30.  If^  for  instance,  such 
pyrites  with  47  per  cent,  sulphur  costs  $8,  the  sulphur  therein 
cost  $17*00  per  ton,  and  this  is  the  equivalent  of  a  price  of  $23*30 
for  Sicilian  sulphur. 

From  comparative  tables  which  William  Wilke,  M.E.,  and 
Dr.  H.  P.  Weidig,  of  Newark,  have  drawn  up,  for  the  cost  of 
producing  sulphuric  acid  from  pyrites  or  sulphur,  I  quote,  with 
their  permission,  the  following  figures,  choosing  a  medium  plant 
for  producing  10,000  tons  of  sulphuric  acid  per  annum  (evidently 
chamber-acid  of  about  50°  Be.  is  meant)  : — 


iGlovertower   

2Qay-Lu88ac8 

32  furnaces 

Cost  of  whole  pUnt  (frame  build- 
ings)      

Cost  of  whole  plant  (briok  build- 
ings)      

Pyrites  49  <>/o   ayail.  S  (g>  7  » 
(long  ton)    

Sulphur  (^  17  8 per  2000  lb.    ... 

Nitre  (^  2  c.  per  lb 

Coal  for  air  and  steam  

Total  cost  of  material    

Labour:  1  manager  

cbambermen   

furnacemen 

labourers 

Total  cost  of  labour   

Bepairs    

Interest  6  7o  on  plant  and  work- 
ing expenses    

Insurance,  taxes,  water,  and  o£Sce 
expenses  

Depreciation  of  plant 

Total  cost  of  yearly  output  

per  ton  acid  


Pybites. 

12x12x25  ft. 
6x35  ft. 
5  ft.  kilns. 

58,000  9 

73,000  8 

3776-68  tons.    264368 


n 


}* 


ti 


» 


1660  „ 

2400  „ 

30.496  „ 

1500  „ 

(2)  1400  „ 

(4)  2200  „ 

(4)  1600  „ 

6700  „ 

1000  „ 

6180  „ 

6342  „ 

(2%)  1300  „ 

50,718  „ 

507  „ 


SuLPuua. 

1  :  12x12x25  ft. 

2:  6x35  ft. 

1  :  16x20  ft.  furnace, 

50,0008 

62,0008 

2075  tons  35,275  8 

1660„ 

1800,, 

3S,735.. 

1500,, 

(2)1400,, 

(2)1100,. 

(1)    400,, 

4400,, 

700„ 

6000„ 


6200., 

(UVo)1120., 

56,035,, 

5-60 ,. 


FrMING  OIL  OF  VITRIOL.  959 


CHAPTER  XI.  ^  \  S 


THE  MANUFACTURE  OF  NORDHAUSEN  OR  FUMING  OIL  OF 
VITRIOL,  AND  OF  SULPHURIC  ANHYDRIDE. 

On  pp.  165  et  seq.  the  faming  or  *'  Nordhausen  ^'  oil  of  vitriol 
has  been  described,  and  has  been  characterized  as  a  mixture  of 

SO,— OH 
sulphuric  hydrate  and  pvrosulphuric  acid,        /O     ,  a  compound 

SO3— OH 
which  has  lately  come  into  the  market  as  *'  solid  oil  of  vitriol.^' 

Although  in  all  probability  fuming  oil  of  vitriol  is  precisely 
that  kind  of  sulphuric  acid  which  was  obtained  first  of  all,  and 
although  about  1850  it  was  still  manufactured  in  several  places, 
and  especially  near  Nordhausen,  in  Prussian  Saxony,  later  on  its 
manufacture  according  to  the  only  method  formerly  employed 
was  carried  on  exclusively  in  Bohemia,  by  the  firm  of  Johann  David 
Starck.  The  reason  of  this  was  that  in  this  manufacture  manual 
labour  constitutes  a  very  large  portion  of  the  expense,  and  that 
it  requires  a  very  large  space  and  a  great  number  of  small 
apparatus,  so  that  it  can  only  pay  under  certain  conditions  rarely 
present.  Owing  to  this,  all  other  factories  ceased  to  work,  even 
those  in  the  Harz  (which,  by  the  way,  were  not  located  at 
Nordhausen  itself,  where  there  was  only  a  warehouse  for  the  acid, 
but  at  Braunlage  and  Goslar) . 

So  long  as  faming  oil  of  vitriol  was  only  used  for  dissolving  indigo 
(for  which  purpose  it  is  very  little  employed  now),  the  monopoly 
of  the  Bohemian  firm  was  not  very  much  felt ;  but  since  very  large 
quantities  of  fuming  acid  were  required  in  the  mineral-oil  industry, 
especially  in  the  manufacture  of  alizarine  and  many  other  coal-tar 
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colours,  many  efforts  have  been  made  to  produce  that  acid  ia 
another  way;  and  success  has  at  last  been  attained.  The  attempt 
was  made  in  two  ways  : — first,  by  trying  whether  the  ferric 
sulphate  obtained  by  the  Bohemian  method  cannot  be  replaced  by- 
other  sulphates  yielding  their  acid  on  heating,  partly  or  entirely,  as 
anhydride;  and,  secondly,  trying  whether  the  anhydride,  or  its 
solution  in  sulphuric  hydrate  cannot  be  obtained  synthetically. 

We  shall,  in  the  first  place,  describe  the  method  by  which  the 
oil  of  vitriol  was  formerly  exclusively  obtained — namely,  from 
"vitriol-stone'' — which  rests  on  the  fact  that  ferric  sulphate, 
Fe2(S04)3,  at  a  red  heat  splits  up  into  ferric  oxide  (FcjOg)  and 
sulphuric  anhydride  (SSO^),  the  latter  of  which  is  partly  decom- 
posed into  SO2  and  O. 


The  Manufacture  of  Fuming  Oil  of  Vitriol  in  Bohemia. 

All  former  descriptions  of  this  manufacture  have  been  rendered 
obsolete  by  that  given  by  E.  V.  Jahn  in  Wagner's  *  Jahresbericht,' 
1873,  p.  220.  We  shall  give  an  abstract  of  the  latter,  adding  some 
supplementary  notes  *. 

The  basis  of  the  whole  manufacture  consists  of  certain  slates, 
which  contain  from  1  to  31  per  cent,  of  pyrites  and  are 
distinguished  from  ordinary  roofing-slates  by  their  darker  colour 
and  high  specific  gravity ;  analyses  of  these  "  vitriol-slates " 
are  given  in  our  second  edition  p.  836.  The  oxidability  of  these 
slates  has  led  to  a  special  industry,  which  has  existed  since  the 
16th  century.  When  rich  in  alumina  (which  is  only  exceptional), 
the  slates  serve  for  making  alum ;  when  poor  in  alumina  and  rich 
in  pyrites,  for  copperas  and  "  vitriol-stone  "  ( Vitriolstein) ,  i.  e. 
ferric  sulphate — from  which  naturally  followed  the  manufacture 
of  fuming  oil  of  vitriol.  The  Pilsen  sulphur-works  are  already 
mentioned  iu  1526,  The  fuming  oil  of  vitriol  is  the  oldest  form  of 
sulphuric  acid,  and  was  first  manufactured  in  Bohemia.  The  thirty 
years'  war  destroyed  that  industry,  which  was  transferred  to  the 
Nordhausen  country,  and  returned  to  Bohemia  only  in  1778  on  a 
small  scale,  since  1792  on  a  larger  scale,  when  Johann  David  Starck 

*  The  present  account  is  much  shorter  than  that  given  in  our  second  edition, 
p.  835  et  ieq.j  the  above  industry  having  been  discontinued. 
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took  it  in  hand,  at  first  with  the  assistance  of  men  obtained  from 
the  Nordhausen  factories. 

The  manufacture  is  carried  on  as  follows  : — The  schist  is  broken 
up  by  stone-breaking  machines,  and  tipped  into  large  terrace- 
shaped  heaps,  leaving  both  horizontal  and  perpendicular  air* 
channels.  By  means  of  a  system  of  spouts  water  can  be  sprinkled 
all  over  the  heaps.  The  process  of  oxidation  by  weathering  lasts 
about  three  years ;  and  very  large  heaps  having  been  made  at 
first,  strong  lyes  are  always  obtained.  The  ores,  on  lying  in  the 
moist  air,  become  hot;  the  p3rrites  is  oxidized,  first  to  ferrous 
sulphate,  then  to  ferric  sulphate,  along  with  a  little  aluminium 
sulphate.  These  salts,  together  with  the  pre-existing  soluble 
salts,  are  lixiviated  by  water  conveyed  in  the  above-mentioned 
spouts.  The  brown  liquors,  possessing  a  density  of  generally 
28°,  and  up  to  38°  Tw.,  are  run  into  wooden  reservoirs,  where 
they  remain  some  time  for  settling  and  are  a  little  concentrated 
by  spontaneous  evaporation  and  also  more  highly  oxidized.  Then 
they  are  concentrated,  by  top-heat  in  brick-furnaces,  up  to 
77^  Tw. ;  the  soot  and  ashes  are  allowed  to  deposit  in  settling- 
tanks  ;  and  the  clear  liquor  is  further  evaporated  in  cast-iron 
boilers  to  a  syrupy  consistence.  If  then  run  on  to  the  floor,  it 
solidifies  to  "  crude  vitriol-stone."  This  is  a  hard,  pale  green  or 
yellowish- green  mass,  containing  still  a  good  deal  of  ferrous 
sulphate  and  water  of  crystallization.  In  order  to  remove  the 
latter  and  to  oxidize  the  former,  it  is  calcined  in  open  roasters. 
The  calcined  vitriol-stone  is  essentially  anhydrous  ferric  sulphate ; 
it  is  yellowish  white,  dissolves  in  water  with  a  reddish-yellow 
colour  without  leaving  any  large  residue ;  and  the  solution  has  a 
strongly  acid  reaction.  It  still  contains  a  little  ferrous  sulphate 
and  constantly,  in  variable  quantities,  aluminium  sulphate  along 
with  a  little  magnesium  and  calcium  sulphates.  It  takes  from 
6  to  20  tons  of  schist  to  make  one  ton  of  vitriol-stone.  The 
stone  formerly  yielded  only  about  33  per  cent,  of  "  oleum'';  later 
on,  however,  owing  to  improved  processes,  the  yield  was  from  40  to 
50  per  cent. 

The  vitriol-stone  is  distilled  in  four  works,  altogether  with  120 
"oleum-furnaces.''  These  are  the  well-known  galley-furnaces, 
shown  in  our  second  edition  p.  840.  The  calcined  vitriol-stone  is 
broken  by  crushing-rollers  and  charged  into  retorts  made  of  fire- 
clay.    On  each  side  of  the  galley-furnace  there  are  four  tiers  of 
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colours,  many  efforts  have  been  made  to  produce  that  acid  in 
another  way;  and  success  has  at  last  been  attained.  The  attempt 
was  made  in  two  ways  : — first,  by  trying  whether  the  ferric 
sulphate  obtained  by  the  Bohemian  method  cannot  be  replaced  by 
other  sulphates  yielding  their  acid  on  heating,  partly  or  entirely,  as 
anhydride;  and,  secondly,  trying  whether  the  anhydride,  or  its 
solution  in  sulphuric  hydrate  cannot  be  obtained  synthetically. 

We  shall,  in  the  first  place,  describe  the  method  by  which  the 
oil  of  vitriol  was  formerly  exclusively  obtained — namely,  from 
"  vitriol-stone " — which  rests  on  the  fact  that  ferric  sulphate, 
Pcj (804)3,  at  a  red  heat  splits  up  into  ferric  oxide  (Fe20g)  and 
sulphuric  anhydride  (3SO3),  the  latter  of  which  is  partly  decom- 
posed into  SO3  and  O. 


The  Manufacture  of  Fuming  Oil  of  Vitriol  in  Bohemia, 

All  former  descriptions  of  this  manufacture  have  been  rendered 
obsolete  by  that  given  by  E.  V.  Jahn  in  Wagner's  '  Jahresbericht,' 
1873,  p.  220.  We  shall  give  an  abstract  of  the  latter,  adding  some 
supplementary  notes  ^. 

The  basis  of  the  whole  manufacture  consists  of  certain  slates, 
which  contain  from  1  to  31  per  cent,  of  pyrites  and  are 
distinguished  from  ordinary  roofing-slates  by  their  darker  colour 
and  high  specific  gravity ;  analyses  of  these  *'  vitriol-slates  '* 
are  given  in  our  second  edition  p.  836.  The  oxidability  of  these 
slates  has  led  to  a  special  industry,  which  has  existed  since  the 
16th  century.  When  rich  in  alumina  (which  is  only  exceptional), 
the  slates  serve  for  making  alum  ;  when  poor  in  alumina  and  rich 
in  pyrites,  for  copperas  and  "vitriol-stone"  [Vitriolstein) ,  i.  e. 
ferric  sulphate — from  which  naturally  followed  the  manufacture 
of  fuming  oil  of  vitriol.  The  Pilsen  sulphur-works  are  already 
mentioned  iu  1526.  The  fuming  oil  of  vitriol  is  the  oldest  form  of 
sulphuric  acid,  and  was  first  manufactured  in  Bohemia.  The  thirty 
years'  war  destroyed  that  industry,  which  was  transferred  to  the 
Nordhausen  country,  and  returned  to  Bohemia  only  in  1778  on  a 
small  scale,  since  1792  on  a  larger  scale,  when  Johann  David  Starck 


*  The  present  account  is  much  shorter  than  that  given  in  our  second  edition, 
p.  83o  et  seq.,  the  above  industry  having  been  discontinued. 
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took  it  in  hand,  at  first  ivith  the  assistance  of  men  obtained  from 
the  Nordhausen  factories. 

The  manufacture  is  carried  on  as  follows  : — The  schist  is  broken 
up  by  stone-breaking  machines^  and  tipped  into  large  terrace- 
shaped  heaps,  leaving  both  horizontal  and  perpendicular  air- 
channels.  By  means  of  a  system  of  spouts  water  can  be  sprinkled 
all  over  the  heaps.  The  process  of  oxidation  by  'weathering  lasts 
about  three  years ;  and  very  large  heaps  having  been  made  at 
firsts  strong  lyes  are  always  obtained.  The  ores^  on  lying  in  the 
moist  air,  become  hot;  the  pyrites  is  oxidized,  first  to  ferrous 
sulphate,  then  to  ferric  sulphate,  along  with  a  little  aluminium 
sulphate.  These  salts,  together  with  the  pre-existing  soluble 
salts,  are  lixiviated  by  water  conveyed  in  the  above-mentioned 
spouts.  The  brown  liquors,  possessing  a  density  of  generally 
28°,  and  up  to  38°  Tw.,  are  run  into  wooden  reservoirs,  where 
they  remain  some  time  for  settling  and  are  a  little  concentrated 
by  spontaneous  evaporation  and  also  more  highly  oxidized.  Then 
they  are  concentrated,  by  top-heat  in  brick-furnaces,  up  to 
11^  Tw. ;  the  soot  and  ashes  are  allowed  to  deposit  in  settling- 
tanks  ;  and  the  clear  liquor  is  further  evaporated  in  cast-iron 
boilers  to  a  syrupy  consistence.  If  then  run  on  to  the  floor,  it 
solidifies  to  ^*  crude  vitriol-^tone."  This  is  a  hard,  pale  green  or 
yellowish- green  mass,  containing  still  a  good  deal  of  ferrous 
sulphate  and  water  of  crystallization.  In  order  to  remove  the 
latter  and  to  oxidize  the  former,  it  is  calcined  in  open  roasters. 
The  calcined  vitriol-stone  is  essentially  anhydrous  ferric  sulphate ; 
it  is  yellowish  white,  dissolves  in  water  with  a  reddish-yellow 
colour  without  leaving  any  large  residue ;  and  the  solution  has  a 
strongly  acid  reaction.  It  still  contains  a  little  ferrous  sulphate 
and  constantly,  in  variable  quantities,  aluminium  sulphate  along 
with  a  little  magnesium  and  calcium  sulphates.  It  takes  from 
6  to  20  tons  of  schist  to  make  one  ton  of  vitriol-stone.  The 
stone  formerly  yielded  only  about  33  per  cent,  of  "  oleum'^;  later 
on,  however,  owing  to  improved  processes,  the  yield  was  from  40  to 
50  per  cent. 

The  vitriol-stone  is  distilled  in  four  works,  altogether  with  120 
"oleum-furnaces."  These  are  the  well-known  galley-furnaces, 
shown  in  our  second  edition  p.  840.  The  calcined  vitriol-stone  is 
broken  by  crushing-rollers  and  charged  into  retorts  made  of  fire- 
clay.    On  each  side  of  the  galley-furnace  there  are  four  tiers  of 
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colours  J  many  efforts  have  been  made  to  produce  that  acid  in 
another  way;  and  success  has  at  last  been  attained.  The  attempt 
was  made  in  two  ways  : — first,  by  trying  whether  the  ferric 
sulphate  obtained  by  the  Bohemian  method  cannot  be  replaced  by- 
other  sulphates  yielding  their  acid  on  heating,  partly  or  entirely,  as 
anhydride;  and,  secondly,  trying  whether  the  anhydride,  or  its 
solution  in  sulphuric  hydrate  cannot  be  obtained  synthetically. 

We  shall,  in  the  first  place,  describe  the  method  by  which  the 
oil  of  vitriol  was  formerly  exclusively  obtained — namely,  from 
"  vitriol-stone '' — which  rests  on  the  fact  that  ferric  sulphate, 
Fe3(S04)3,  at  a  red  heat  splits  up  into  ferric  oxide  (Fe20g)  and 
sulphuric  anhydride  (SSOg),  the  latter  of  which  is  partly  decom- 
posed into  SO2  and  O. 


The  Manufacture  of  Fuming  Oil  of  Vitriol  in  Bohemia, 

All  former  descriptions  of  this  manufacture  have  been  rendered 
obsolete  by  that  given  by  E.  V.  Jahn  in  Wagner's  ^  Jahresbericht,' 
1873,  p.  220.  We  shall  give  an  abstract  of  the  latter,  adding  some 
supplementary  notes  *. 

The  basis  of  the  whole  manufacture  consists  of  certain  slates, 
which  contain  from  1  to  31  per  cent,  of  pyrites  and  are 
distinguished  from  ordinary  roofing-slates  by  their  darker  colour 
and  high  specific  gravity ;  analyses  of  these  "  vitriol-slates " 
are  given  in  our  second  edition  p.  836.  The  oxidability  of  these 
slates  has  led  to  a  special  industry,  which  has  existed  since  the 
16th  century.  When  rich  in  alumina  (which  is  only  exceptional), 
the  slates  serve  for  making  alum ;  when  poor  in  alumina  and  rich 
in  pyrites,  for  copperas  and  "  vitriol-stone  "  ( Vitrioistein) ,  i.  e. 
ferric  sulphate — from  which  naturally  followed  the  manufacture 
of  fuming  oil  of  vitriol.  The  Pilsen  sulphur-works  are  already 
mentioned  in  1526,  The  fuming  oil  of  vitriol  is  the  oldest  form  of 
sulphuric  acid,  and  was  first  manufactured  in  Bohemia.  The  thirty 
years'*  war  destroyed  that  industry,  which  was  transferred  to  the 
Nordhausen  country,  and  returned  to  Bohemia  only  in  1778  on  a 
small  scale,  since  1792  on  a  larger  scale,  when  Johann  David  Starck 


*  The  present  account  is  much  shorter  than  that  given  in  our  second  edition, 
p.  835  et  seq.j  the  above  industry  having  been  discontinued. 
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took  it  in  hand,  at  first  with  the  asaiatance  of  men  obtaiced  from 
the  Nordhausen  factories. 

The  manufacture  is  carried  on  as  follows  : — The  schist  is  broken 
up  by  stone-breaking  machines,  and  tipped  into  targe  terrace, 
shaped  heaps,  leaving  both  horizontal  and  perpendicular  air- 
chaanels.  By  means  of  a  system  o£  spouts  water  can  be  sprinkled 
all  over  the  heaps.  The  process  of  oxidation  by  weathering  lasts 
about  three  years ;  and  very  lai^e  heaps  having  been  made  at 
first,  strong  lyes  are  always  obtained.  The  ores,  on  lying  in  the 
moist  air,  become  hot;  the  pyrites  is  oxidized,  first  to  ferrous 
sulphate,  then  to  ferric  sulphate,  along  with  a  little  aluminium 
sulphate.  These  salts,  together  with  the  preexisting  soluble 
salts,  are  lixiviated  by  water  conveyed  in  the  above-mentioned 
spouts.  The  brown  liquors,  possessing  a  density  of  generally 
28°,  aiid  up  to  38°  Tw.,  are  run  into  wooden  reservoirs,  where 
they  remain  some  time  for  settling  and  are  a  little  concentrated 
by  spontaneous  evaporation  and  also  more  highly  oxidized.  Then 
they  are  concentrated,  by  top-heat  in  brick-furnaces,  up  to 
77°  Tw. ;  the  aoot  and  ashes  are  allowed  to  deposit  in  settling- 
tanks  ;  and  the  clear  liquor  is  further  evaporated  in  cast-iron 
boilers  to  a  syrupy  consistence.  If  then  run  on  to  the  floor,  it 
solidifies  to  "  crude  vitriol-stone."  This  is  a  hard,  pale  green  or 
yellowish -green  mass,  containing  still  a  good  deal  of  ferrous 
sulphate  and  water  of  crystallization.  In  order  to  remove  the 
latter  and  to  oxidize  the  former,  it  is  calcined  in  open  roasters. 
The  calcined  vitriol-atone  is  essentially  anhydrous  ferric  sulphate; 
it  is  yellowish  white,  dissolves  in  water  with  a  reddish-yellow 
colour  without  leaving  any  large  residue ;  and  the  solution  has  a 
strongly  acid  reaction.  It  still  contains  a  little  ferrous  sulphate 
and  constantly,  in  variable  quantities,  aluminium  sulphate  along 
with  a  little  magnesium  and  calcium  sulphates.  It  takes  from 
6  to  20  tons  of  schist  to  make  one  ton  of  vitriol-stone.  The 
stone  formerly  yielded  only  about  33  per  cent,  of  "  oleum";  later 
on,  however,  owing  to  improved  processes,  the  yield  was  from  40  to 
50  per  cent. 

The  vitriol-stone  is  distilled  in  four  works,  altogether  with  120 
"oleum-furnaces."  These  are  the  well-known  galley-furnaces, 
shown  in  our  second  edition  p.  840.  Tbe  calcined  vitriol-atone  is 
broken  by  crushing-rollers  and  charged  into  retorts  made  of  fire- 
clay.    On  each  side  of  the  galley-furnace  there  are  four  tiers  of 
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colours,  many  efforts  have  been  made  to  produce  that  acid  in 
another  way;  and  success  has  at  last  been  attained.  The  attempt 
was  made  in  two  ways  : — first,  by  trying  whether  the  ferric 
sulphate  obtained  by  the  Bohemian  method  cannot  be  replaced  by 
other  sulphates  yielding  their  acid  on  heating,  partly  or  entirely,  as 
anhydride;  and,  secondly,  trying  whether  the  anhydride,  or  its 
solution  in  sulphuric  hydrate  cannot  be  obtained  synthetically. 

We  shall,  in  the  first  place,  describe  the  method  by  which  the 
oil  of  vitriol  was  formerly  exclusively  obtained — namely,  from 
''  vitriol-stone " — which  rests  on  the  fact  that  ferric  sulphate, 
Fes (804)3,  ^^  &  ^^d  hedX  splits  up  into  ferric  oxide  (FcsOg)  and 
sulphuric  anhydride  (SSOy),  the  latter  of  which  is  partly  decom- 
posed into  SO2  and  O. 


The  Manufacture  of  Fuming  Oil  of  Vitriol  in  Bohemia. 

All  former  descriptions  of  this  manufacture  have  been  rendered 
obsolete  by  that  given  by  E.  V.  Jahn  in  Wagner's  '  Jahresbericht,' 
1873,  p.  220.  We  shall  give  an  abstract  of  the  latter,  adding  some 
supplementary  notes  *. 

The  basis  of  the  whole  manufacture  consists  of  certain  slates, 
which  contain  from  1  to  31  per  cent,  of  pyrites  and  are 
distinguished  from  ordinary  roofing-slates  by  their  darker  colour 
and  high  specific  gravity ;  analyses  of  these  **  vitriol-slates " 
are  given  in  our  second  edition  p.  836.  The  oxidability  of  these 
slates  has  led  to  a  special  industry,  which  has  existed  since  the 
16th  century.  When  rich  in  alumina  (which  is  only  exceptional), 
the  slates  serve  for  making  alum ;  when  poor  in  alumina  and  rich 
in  pyrites,  for  copperas  and  "vitriol-stone'^  {Vitriolstein) ,  i,  e, 
ferric  sulphate — from  which  naturally  followed  the  manufacture 
of  fuming  oil  of  vitriol.  The  Pilsen  sulplmr- works  are  already 
mentioned  in  1526,  The  fuming  oil  of  vitriol  is  the  oldest  form  of 
sulphuric  acid,  and  was  first  manufactured  in  Bohemia.  The  thirty 
years'  war  destroyed  that  industry,  which  was  transferred  to  the 
Nordhausen  country,  and  returned  to  Bohemia  only  in  1778  on  a 
small  scale,  since  1792  on  a  larger  scale,  when  Johann  David  Starck 


*  The  present  account  is  much  shorter  than  that  given  in  our  second  edition, 
p.  80O  et  seq.y  the  above  industry  having  been  discontinued. 
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took  it  in  hand,  at  first  with  the  assistance  of  men  obtained  from 
the  Nordhaasen  factories. 

The  manufacture  is  carried  on  as  follows  : — The  schist  is  broken 
up  by  stone-breaking  machines^  and  tipped  into  large  terrace- 
shaped  heaps,  leaying  both  horizontal  and  perpendicular  air- 
channels.  By  means  of  a  system  of  spouts  water  can  be  sprinkled 
all  over  the  heaps.  The  process  of  oxidation  by  'weathering  lasts 
about  three  years;  and  very  large  heaps  having  been  made  at 
first,  strong  lyes  are  always  obtained.  The  ores,  on  lying  in  the 
moist  air,  become  hot;  the  pyrites  is  oxidized,  first  to  ferrous 
sulphate,  then  to  ferric  sulphate,  along  with  a  little  aluminium 
sulphate.  These  salts,  together  with  the  pre-existing  soluble 
salts,  are  lixiviated  by  water  conveyed  in  the  above-mentioned 
spouts.  The  brown  liquors,  possessing  a  density  of  generally 
28°,  and  up  to  38°  Tw.,  are  run  into  wooden  reservoirs,  where 
they  remain  some  time  for  settling  and  are  a  little  concentrated 
by  spontaneous  evaporation  and  also  more  highly  oxidized.  Then 
they  are  concentrated,  by  top-heat  in  brick-furnaces,  up  to 
77^  Tw. ;  the  soot  and  ashes  are  allowed  to  deposit  in  settling- 
tanks  ;  and  the  clear  liquor  is  further  evaporated  iu  cast-iron 
boilers  to  a  syrupy  consistence.  If  then  run  on  to  the  floor,  it 
solidifies  to  "  crude  vitriol-stone/'  This  is  a  hard,  pale  green  or 
yellowish-green  mass,  containing  still  a  good  deal  of  ferrous 
sulphate  and  water  of  crystallization.  In  order  to  remove  the 
latter  and  to  oxidize  the  former,  it  is  calcined  in  open  roasters. 
The  calcined  vitriol-stone  is  essentially  anhydrous  ferric  sulphate ; 
it  is  yellowish  white,  dissolves  in  water  with  a  reddish-yellow 
colour  without  leaving  any  large  residue ;  and  the  solution  has  a 
strongly  acid  reaction.  It  still  contains  a  little  ferrous  sulphate 
and  constantly,  in  variable  quantities,  aluminium  sulphate  along 
with  a  little  magnesium  and  calcium  sulphates.  It  takes  from 
6  to  20  tons  of  schist  to  make  one  ton  of  vitriol-stone.  The 
stone  formerly  yielded  only  about  33  per  cent,  of  *'  oleum'';  later 
on,  however,  owing  to  improved  processes,  the  yield  was  from  40  to 
50  per  cent. 

The  vitriol-stone  is  distilled  in  four  works,  altogether  with  120 
"  oleum-furnaces.^'  These  are  the  well-known  galley-furnaces, 
shown  in  our  second  edition  p.  840.  The  calcined  vitriol-stone  is 
broken  by  crushing-rollers  and  charged  into  retorts  made  of  fire- 
clay.    On  each  side  of  the  galley-furnace  there  are  four  tiers  of 

VOL.  I.  3  Q 


962  MANUFACTURE  OF  FUMING  OIL  OF  VITRIOL. 

34  retorts  each,  the  bottoms  of  those  in  the  centre  nearly  touching 
each  other.  A  fifth  tier  is  formed  at  the  top  by  34  large  retorts, 
open  on  both  sides,  reaching  right  across  the  furnace,  and  each 
side  is  provided  with  a  receiver.  Each  of  the  smaller  retorts  also 
is  connected  with  a  receiver,  large  enough  for  holding  the  product 
of  4  or  5  distillations.  The  necks  of  the  receivers  are  narrower 
than  those  of  the  retorts ;  they  are  put  into  the  latter,  and  the 
joint  plastered  with  clay.  Such  a  furnace  thus  contains  272  small 
and  84  large  oleum-retorts  and  340  receivers.  The  lower  part  of 
the  furnace,  where  the  fireplace,  grate,  and  ash-pit  are  located,  is 
made  of  solid  masonry ;  the  upper  part  consists  of  a  light  arch, 
perforated  for  each  retort  in  such  a  way  that  the  necks  of  the 
retorts  are  held  without  any  further  support.  The  bottom  tier 
of  the  receivers  rests  upon  the  brickwork,  the  higher  tiers  on 
wooden  laths. 

Into  each  retort  is  ladled,  on  the  average,  750  grms.  of  vitriol- 
stone.  The  yearly  consumption  at  Starck^s  works  was  724,000 
retorts  and  40,000  receivers  (previously  twice  as  much).  They 
are  made  at  private  potteries  near  the  works,  and  thus  cost  only 
about  Id,  to  l^d,  apiece. 

At  the  beginning  of  the  distillation  the  temperature  is  slowly 
raised,  so  that  after  4  hours  the  bottom  tier  of  retorts  has  only 
attained  a  red-heat.  During  this  time  the  retorts  are  left  open ; 
and  consequently  nearly  all  the  ferrous  sulphate  still  present  is 
oxidized  to  ferric  sulphate.  With  a  higher  heat  aqueous  vapour 
and  sulphurous  acid  appear  at  the  mouths  of  the  retorts,  gene- 
rated from  aluminium  sulphate  and  still  existing  ferrous  sulphate. 
Then  thick  vapours  of  sulphuric  anhydride  follow,  which  indicate 
the  time  for  putting  on  the  receivers.  As  the  ferric  sulphate 
simply  splits  up  into  Fe208  and  SOg,  some  liquid  containing  water 
must  be  put  into  the  receivers,  in  order  to  condense  and  dissolve 
the  sulphuric  anhydride.  This  may  be  either  rain-water  or 
ordinary  oil  of  vitriol.  la  the  former  case,  ^  lb.  of  water  should 
be  put  into  each  receiver,  and  it  takes  4  or  5  distillations  from 
the  retort  to  attain  the  usual  concentration  of  the  oleum  (79° 
Baume).  When  the  receivers  have  been  charged  with  sulphuric 
acid  of  66°  Baume  (=  168°  Tw.),  it  takes  only  3  or  4  distillations 
to  get  it  up  to  80°  Baume, 

When  the  oleum  has  reached  sufficient  concentration,  which  the 
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workmen  recognize  from  the  speed  with  which  a  wood  splinter, 
dipped  into  it,  is  charred,  it  is  filled  into  stoneware  bottles  and  left 
for  a  week  to  settle,  after  which  time  the  clear  acid  is  drawn  off 
from  the  deposited  mechanical  impurities. 

The  ferric  oxide  remaining  in  the  retorts  (about  33^  per  cent.)  is 
known  by  the  name  of  caput  mortuum,  colcothar,  English  red,  &c. 
(In  England  a  similar  article  is  called  '^Venetian  red.^')  It  is  raked 
out  of  the  retorts  after  each  distillation,  and  exhibits  different 
colours  according  to  the  degree  of  heat  to  which  it  has  been  sub- 
jected. The  lower  tiers  supply  it  of  darker,  tbe  upper  ones  of 
lighter  colour.  Inthe  crude  state  it  was  very  diflScult  to  sell  as  a 
common  pigment  or  polishing-powder.  J.  D.  Starck  improved 
this  article  very  much  by  proper  treatment;  so  that  in  1872 
1000  tons  of  it  were  sold,  of  19  shades  and  41  grades,  especially 
for  painting  ships.  It  is  ground  under  French  mill-stones  and 
again  calcined  with  the  addition  of  common  salt  and  at  a  certain 
temperature.  The  yellow  shades  are  obtained  by  an  addition  of 
2  per  cent,  of  salt,  igniting  for  an  hour,  and  gradual  cooling  in 
a  closed  space ;  the  brown  shades,  by  adding  4  per  cent,  of  salt ; 
the  purple  shades,  by  6  per  cent,  of  salt,  igniting  for  6  hours  at  a 
gradually  increasing  heat,  and  rapid  cooling.  The  igniting  takes 
place  in  fireclay  pipes  lying  in  galley-furnaces  similar  to  the 
oleum-furnaces,  each  of  them  containing  60  pipes.  Unless  the 
temperature  is  exactly  regulated,  the  product  becomes  dark  brown, 
and  is  then  of  little  value.  The  best  is  contained  in  the  two  top 
tiers.  After  the  igniting  and  cooling,  it  is  sifted  and  levigated ; 
by  mixing  the  three  above-named  principal  shades^  the  commercial 
shades  between  yellow,  purplish  red,  and  dark  purple  are  obtained, 
which  now  only  require  drying  and  packing. 

The  smallness  of  the  retorts  used  for  decomposing  the  vitriol- 
stone,  and  the  large  number  of  these  apparatus  consequently 
necessary,  are  evidently  to  be  explained  by  the  fact  that  in  larger 
apparatus  the  heat  would  penetrate  too  unequally  and  would 
cause  great  loss  by  overheating  one  part  and  insufficiently  heating 
another  part  of  the  charge. 

From  Stolba  (Fischer's  Jahresb.  1885,  p.  316)  we  will  only 
quote  the  following  analyses : — 


3q2 


MANUFACTURE  OP  FPMINQ  OIL  OF  VITRIOL. 

1.   Vitriol-gtone. 

Ferric  sulphate 50'17 

Aluminium  sulphate    11'94 

Ferrous              „           1-35 

Maguesium       „           1*17 

Calcium             „           0-33 

Copper              „           0-20 

Sodium             „           0-11 

Potassium         „           013 

Sulphuric  acid 1-49 

Silicic  acid    9-10 

Traces  of  Mn,  As,  PjOs  — 

Water    28-31 

99-30 
2.  Ct^ut  morttmm. 

Ferric  oxide 74-62 

Alumina    12*53 

Magnesia  3-33 

Lime 0-82 

Sulphur  trioxide  5'17 

Silirnc  a/Mil      1-17 
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7%«  Production  of  Sulphuric  Anhydride  and  Fuming  Oil  of 
Vitriol  from  artificially  prepared  Sulphates. 

Two  ways  are  possible  for  prepariDg  SOj  from  sulphates,  viz. : 

either  employing  such  sulphates  which  split  up  at  a  sufficiently  low 

temperature,  or  employing  those  compounds  which  staud  midway 

between  SO3  and  the  sulphates — ^that  is,  pyrosulphates  of  the  type 

RO— SO,— O— SO,— OR. 

The  only  represeutative  of  the  former  class  is  the  normal  ferric 
tuiphale,  Fet{S04)i.  Many  other  sulphates  can  be  decomposed  by 
heat,  as  those  of  aluminium,  zinc,  copper,  &c.  ;  but  in  all  cases, 
except  the  first,  the  decomposition  takes  place  only  at  temperatures 
at  which  SO3  itself  splits  up  into  SO,  and  O.  Thus,  for  instance, 
the  Z11SO4,  so  easily  formed  in  roasting  blende,  on  heating  to  a 
bright  red-heat  yields  ZnO,  SO,,  and  O,  but  no  SO,.  But  ferric 
sulphate  is  already  decomposed  at  a  dark  red-heat,  scarcely  visible 
in  daylight,  so  that  the  SO,  given  off  is  not  yet  decomposed,  and 
the  reaction  is  simply  : 

Fe,(S04),=Fe,0,+3S0,. 

This  reaction  can  never  be  realized  to  its  full  extent,  as  it  is 
impossible  to  bring  all  the  contents  of  the  decomposing-apparatus 
exactly  to  the  minimun  temperature  required ;  a  considerable 
portion  of  the  mass  is  too  much  heated,  and,  moreover,  much  of 
the  SO,  first  formed  is  subsequently  overheated  iu  contact  with 
hotter  parts  of  the  mixture  or  the  walla  of  the  apparatus,  so  that 
part  of  the  SO,  is  always  split  up  into  SO,  and  O,  and  ia  thus 
lostj  unless  these  gases  are  recombined  by  special  means,  viz.  by 
the  contact -process  (comp.  below). 

Both  tbis  circumstance  and  the  difficulty  of  preparing  ferric 
sulphate  cheaply  enough  have  militated  against  the,  apparently  ■ 
so  easy,  imitation  of  the  Bohemian  process,  which  consists  in 
treating  ferric  oxide  with  strong  sulphuric  acid,  heatiug  the 
mixture  till  all  the  water  has  been  dnven  off  and  dry  ferric 
sulphate  has  been  produced,  and  contlnuiDg  the  heating  at  a 
higher  temperature,  with  condensation  of  the  sulphuric  anhydride 
evolved,  the  residue  of  ferric  oxide  serving  over  and  over  again  for 
the  same  purpose. 

This  process  is  much  more  difficult  than  it  appears  and  was 
Bever  successfully  carried  out. 
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An  invention  intended  to  improve  the  Bohemian  process^  but 
applicable  also  to  sulphates  prepared  in  other  ways,  and  intro- 
ducing already  a  *'  contact  '^-process,  was  made  by  R.  Schuberth 
(G.  P.  52,000,  April  4,  1889).  He  states  that  the  formation 
of  sulphurous  anhydride  is  the  principal  cause  of  the  loss  which, 
in  the  best  case,  amounts  to  30  per  cent,  of  the  total  SO3,  and 
in  the  case  of  large  vessels  or  furnaces  may  destroy  all  the 
SOs  present.  This  is  caused  by  the  prolonged  contact  of  free  SOs 
with  the  red-hot  sides  of  the  retorts ;  and  this  circumstance  has 
hitherto  confined  the  Bohemian  process  to  the  use  of  small  vessels, 
involving  a  large  consumption  of  fuel  and  of  clay  retorts,  together 
with  the  necessity  of  'gmploying  much  skilled  labour  and  other 
drawbacks,  such  as  the  escape  of  acid  smoke  into  the  atmosphere. 
All  this  is  avoided  by  bringing  about  the  decomposition  of  the 
sulphates  in  a  partial  vacuum,  and  removing  the  vapours  by  aspi- 
ration. This  can  be  done  with  ferric  sulphate  obtained  in  the 
Bohemian  manner  from  schist,  or  with  artificially  prepared  sulphates 
of  iron  &c.  The  operation  is  carried  on  ia  a  horizontal  shallow 
fireclay  retort,  provided  with  a  cast-iron  mouth-piece  like  that  of 
gas-retorts.  This  mouth-piece  contains  an  opening  for  charging 
and  discharging,  and  a  stirring-rake  sliding  in  a  stuffing-box ; 
when  not  at  work,  the  rake  is  pulled  back  towards  the  front  so 
as  to  be  out  of  the  heated  portion  of  the  retort.  Above  the 
furnace  is  placed  a  cast-iron  tube,  containing  a  suitable  filtering- 
substance  for  the  gases,  such  as  broken  glass  or  pottery,  asbestos, 
glass-wool,  and  the  like.  This  gas-filter  communicates  on  the  one 
side  with  the  retort,  on  the  other  side  with  a  cast-iron  air-pump. 
The  vapours,  drawn  by  this  pump  from  the  retort  and  passed  through 
the  filter,  are  forced  through  an  upright  cast-iron  cylinder,  lined 
with  earthenware  and  containing  a  number  of  perforated  dishes, 
charged  with  10  per  cent,  platinized  asbestos.  The  apparatus  is 
heated  by  the  waste  gases  from  the  retort-fire  and  serves  for 
regenerating  SO^  from  the  small  quantities  of  SO^  and  O  formed 
in  the  retort.  From  here  the  vapours  pass  into  cast-iron  con- 
densers, where  they  are  absorbed  by  strong  sulphuric  acid,  the 
condensation  being  aided  by  pressure.  During  the  operation  the 
sulphate  within  the  retort  is  raked  up  several  times ;  but  while 
this  is  done,  the  pump  is  stopped  in  order  to  avoid  any  dust  being 
drawn  away.  The  employment  of  a  vacuum  causes  a  quick 
decomposition  of  the  ferric  sulphate,  with  but  slight  formation 
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of  SO9 ;  the  duty  performed  by  the  apparatus  is  large,  and  the 
consumption  of  fuel  much  less  than  before.  The  residue  is  not 
overheated,  as  is  the  case  in  the  lower  ranges  of  the  galley-furnace, 
and  is  thus  better  adapted  for  use  as  a  paint ;  from  the  same  reason 
it  is  also  possible  to  use  it  over  again  for  forming  ferric  sulphate. 
If  sodium  sulphate  is  to  be  used,  the  retort  is  made  with  a  dished 
bottom,  lined  with  platinum.  This  is  charged  with  sodium  sulphate 
once  for  all ;  by  adding  sulphuric  acid  of  140°  Tw.  bisulphate  is 
formed,  which  (in  the  same  way  as  is  done  in  the  case  of  ferric 
sulphate)  is  first  heated  without  connection  with  the  condensers 
till  all  the  water  has  been  driven  out,  and  fumes  of  SOj  and  SOj 
appear,  whereupon  the  connection  is  established  and  the  heating 
continued.  The  residue  in  the  retort  is  again  treated  with  ordinary 
sulphuric  acid,  and  thus  used  over  and  over  again  (comp.  Neale's 
patent,  in/ra  p.  992.). 

I  am  not  aware  whether  Schuberth's  process  has  been  practically 
carried  out,  and  if  so,  with  what  success. 

It  is,  however,  possible  that  the  following  process  may  be 

Fig.  444. 


profitable,  since  under  the  special  circumstances  of  the  case  the 
acid  costs  nothing  (or  less  than  nothing,  considering  the  trouble 
caused  by  the  necessity  of  removing  it),  and  the  value  of  fuel  in 
the  special  local  case  is  also  extremely  slight.  Ragosine  and 
Dworkowitsch  (G.F.  43,453)  employ  the  acid-tar  (tladffe-acid) 
produced  in  the  purification  of  crude  petroleum  in  enormous 
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quantities  and  containing  up  to  90  per  cent,  free  acid.  This  they 
mix  with  ferric  oxide.  On  mixing  there  (is  a  strong  reaction^  so 
that  part  of  the  water  evaporates ;  and  sometimes  even  cooling  is 
necessary,  as  the  decomposition  of  the  sulphate  begins  at  150°  C. 
The  solid  mass  produced  is  crushed  and  dried^  and  is  heated  to 
800°  or  600°  C.  Fig.  444  shows  the  furnace  employed  for  this 
purpose.  It  consists  of  a  muffle  A  with  a  very  low  arch  ;  through 
the  tuyere  b  dry  air  is  injected,  and  the  heavy  vapours  of  sulphuric 
anhydride  are  drawn  off  through  c.  The  waste  fire-gases  serve  for 
drying  the  mass  in  pan  B. 

Some  have  proposed  to  make  fuming  O.V.  from  ferrous  sulphate 
(copperas)  which,  on  calcination,  yields  basic  ferric  sulphate, 
FcgO (804)2;  but  this  is  evidently  even  much  less  promising  than 
the  process  starting  with  Fe20g  and  H2SO4,  and  the  calculations 
made  by  Schemfil  (French  Patent,  Dec.  2,  1869 ;  Monit.  Scient. 
1870,  p.  492)  are  eutirely  worthless. 

Magnesium  sulphate  was  patented  by  Sonstadt  (March  3,  1875) 
in  the  shape  of  natural  kieserite  or  calcined  Epsom  salts.  The 
operation  was  to  be  carried  out  exactly  as  with  ferric  sulphate. 
But  it  is  a  fact  (comp.  Wagner's  Jahresb.  1876,  p.  327)  that 
magnesium  sulphate  on  calcination  yields  very  little  SO3,  mostly 
SO2  and  O. 

Sodium  pyrosulphate,  Na2S207,  is  readily  produced  by  heating 
the  easily  manufactured  bisulphate,  NaHS04,  till  the  chemically 
combinefl  water  is  expelled.  On  heating  to  a  higher  temperature 
the  pyrosulphate  itself  gives  off  sulphuric  anhydride,  Na3S207= 
Na2S04  +  S03,  and  the  normal  sodium  sulphate  left  behind 
can  be  employed  for  again  making  bisulphate.  This  has  formed 
the  basis  of  more  than  one  proposal. 

Prelier  (Engl.  Patent,  June  29th,  1847)  has  proposed  to  prepare 
fuming  oil  of  vitriol  by  the  following  process,  which  is  said  to  have 
been  carried  out  in  France  on  a  large  scale,  evidently  only  for  a  short 
time  (if  at  all).  100  parts  of  calcined  sodium  sulphate  are  mixed 
with  2  parts  of  potassium  sulphate  and  2  parts  of  gypsum,  charged 
into  retorts  of  sandstone  (?),  and  a  sufficient  quantity  of  concen- 
trated sulphuric  acid  added  to  form  bisulphates.  Then  heat  is 
applied ;  first  all  the  water  distils  over,  then  sulphuric  acid  of  77^, 
then  of  106°,  then  of  170°  Tw.,  and  at  last  fuming  acid.  The  latter 
is  known  by  the  drops  falling  into  water  producing  a  hissing  noise ; 
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then  a  receiver  filled  with  acid  of  170°  Tw.  is  put  on.  This  acid 
sometimes  contains  sodium  sulphate.  The  residue  in  the  retort  is 
always  used  for  the  same  purpose. 

Wallace  obtained  an  English  patent  (May  30,  1876)  for  heating^ 
sodium  bisulphate  in  fireclay  retorts ;  the  formed  anhydride  or 
fuming  vitriol  is  to  be  collected  in  earthenware  jars  with  a  lid  per- 
forated for  receiving  the  gas-pipe,  which  can  be  replaced  by  a  plain 
cover ;  thus  the  acid  can  be  sent  out  in  the  receiver  itself,  and  the 
fumes  emitted  in  pouring  it  from  one  vessel  into  another  are  avoided. 
The  fumes  first  coming  over,  which  consist  of  aqueous  sulphuric 
acid,  are  condensed  separately.  The  sodium  sulphate  remains  in 
the  retort,  and  is  always  reconverted  into  bisulphate  by  adding 
sulphuric  acid ;  so  that  continuous  operation  is  possible. 

Dr.  Adolph  Clemm  (personal  information)  introduced  the  bi- 
sulphate process  at  the  works  of  G.  C.  Zimmer  at  Mannheim  in 
1877,  and  already  in  May  1877  he  delivered  80  stone  jars  of  40 
per  cent,  fuming  acid  to  the  Badische  Aniline  and  Soda  works. 
This  process  was  carried  on  for  a  number  of  years,  until  the 
adoption  of  the  contact-process  by  the  Badische  and  other 
factories  made  competition  impossible. 

Fuming  Sulphuric  Acid  from  the  action  of  Boric  Acid  upon 
Sodium  Bisulphate  (Kerl-Stohmann,  'Chemie,'  3rd  ed.  vi.p.  156). 
— This  method  has  probably  never  advanced  beyond  the  state  of 
a  suggestion. 

From  Magnesium  Sulphate  and  Sodium  Pyrosulphate  mixed. — 
Wolters  obtained  a  German  patent  (No.  3110,  March  5th, 
1878)  for  this  purpose.  MgSOj  acts  upon  Na2S207  considerably 
below  a  red-heat,  a  double  salt  (MgS04,  Na2S04)  being  formed 
and  SO3  being  liberated.  Instead  of  Na2S04,  K2SO4  &c.  may  be 
employed.  The  remaining  salt  is  reconverted  into  the  mixture 
first  employed  by  treatment  with  water  and  ordinary  sulphuric 
acid,  and  exposing  to  sufficient  heat.  The  value  of  this  process 
is  said  to  consist  in  the  fact  that  the  anhydride  is  liberated  at  a 
much  lower  temperature  than  from  sodium  pyrosulphate  alone, 
thus  preventing  much  loss,  causing  a  larger  yield  of  SO3,  and 
permitting  the  use  of  ordinary  fire-proof  materials  without  any 
extraordinary  wear  and  tear.  (Experiments  made  in  my  labora- 
tory  with  Wolters's  process  have  to  a  great  extent  confirmed  these 
statements.) 
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An  additional  German  patent  (No.  6091,  Oct.  13, 1878)  contains 
a  simplification  which  I  in  my  laboratory  experiments  had  employed 
as  a  matter  of  course.  Instead  of  treating  the  residue  from 
distillation  with  water  and  separating  the  salts  by  crystalliza- 
tion, the  dry  double  salt  (Na — SO4 — Mg — SO4 — Na)  is  ground 
and  treated  directly  with  sulphuric  acid  (1  equivalent  to  2  of  salt, 
as  otherwise  half  the  acid  passes  over  ia  the  hydrated  state). 

On  the  large  scale  Wolters's  magnesium  process  does  not  seem 
to  have  been  successful.  But  this  appears  to  have  been  the  case 
with  a  further  process  of  his,  patented  in  1881  (G.  P.  12,295) .  He 
prepares  sodium  pyrosulphate,  ii^  the  usual  manner,  by  heating 
the  acid  sulphate  NaHSO^  till  the  water  has  been  expelled. 
When  adding  to  the  pyrosulphate  a  large  quantity  of  mono- 
hydrated  sulphuric  acid  there  is  a  decomposition  according  to  the 
formula  : 

Na2S207  +  HaS04=2  NaHSO^+SOj. 

The  SOs  is  distilled  off,  and  the  hydrosodic  sulphate  is  used  for 
starting  the  process  over  again.  This  process  has  been  actually 
at  work  in  several  factories,  e,  g.  at  Einergraben  near  Barmen 
during  the  years  1884  to  1889  (communication  from  Dr.  Adolph 
Amdt). 

A  further  patent  of  Wolters's  (G.  P.  15,639)  shows  that  on 
heating  a  mixture  of  a  pyrosulphate  with  concentrated  sulphuric 
acid  in  cast-iron  vessels  a  crust  of  iron  sulphide  is  formed,  which 
firmly  adheres  and  resists  the  acid  in  the  process  of  distillation  so 
long  as  the  hydrosodic  sulphate  remains  in  the  retort. 

A  detailed  study  of  the  pyrosulphates  has  been  made  by  H. 
Schulze  (Ber.  d.  deutsch.  chem.  Ges.  xvii.  p.  2705) ;  we  can  give 
only  a  very  short  abstract  here.  Dry  potassium  or  sodium  sulphate 
absorbs  SO3  at  the  ordinary  temperature  with  considerable  evolu- 
tion of  heat ;  but  if  a  complete  potassium  pyrosulphate  is  to  be 
formed,  a  higher  temperature  is  necessary  (soaking  with  SO3  and 
distilling  off  the  excess  at  100°  to  120°).  The  sodium  salt,  treated 
in  this  manner,  contains  only  85  per  cent.  NasS207.  Many  other 
bases  form  pyrosulphates  as  well.  The  method  of  Berzelius  for 
preparing  pyrosulphates,  by  heating  the  hydrosulphates,  gave 
unsatisfactory  results;  a  better  result  is  obtained  by  heating 
sulphates  with  chlorosulphonic  acid  (employing  an  excess  of  this. 


PROM  FYROSOLFHATES,  ETC,  U/ 1 

whicli  is  afterwards  distilled  off),  the  reaction  being : 
KgSO,  +  SO3HCI  =  KjS  A  +  HCl. 

[Unfortnnately  chlorosnlpbonic  acid  has  hitherto  been  prepared 
by  means  of  SO^,  so  that  that  proeess  is  not  available  for  technical 
purposes.] 

An  excellent  process  for  preparing  sodium  pyrosulphate  is  that 
of  Baum  (G.  P.  40,696).  240  kilog.  hydrosodic  sulphate,  or  else 
143  neutral  sodium  sulphate,  and  98  kilog.  monohyd rated  sul- 
phuric acid  are  put  into  a  cast-iron  retort,  provided  with  agitatiug- 
gear  and  connected  with  an  air-pump.  The  latter  is  set  in  motion 
to  produce  a  vacuum,  and  the  retort  is  heated  first  to  260°,  after- 
wards, with  constant  agitation  for  5  to  8  hours,  to  300°  or  320°. 
Most  of  the  water  comes  off  between  260°  and  280°,  if  the  vacuum 
is  equal  to  a  column  of  500  or  600  millim.  mercury ;  the  heating 
to  320°  is  only  done  to  make  quite  sure  of  finishing  the  reaction. 
It  is  useful  to  place  between  the  retort  and  the  air-pump  a  cooler, 
connected  by  a  glass  tube  with  a  receiver.  When  no  more  water 
ia  observed  to  run  down  the  glass  tube  the  reaction  is  finished,  and 
the  melted  mass  is  poured  out  to  solidify  into  plates  consisting  of 
pure  Na^SjO;  (comp.  Schuberth's  process,  p.  966). 

The  Utilization  of  the  Sulphuric  Anhydride  contained  in  Pyrites- 
kiln  Gases. — It  is  well  known  that  ordinary  pyrites-kiln  gases 
contain  a  somewhat  considerable  quantity  of  sulphuric  anhydride, 
which  may  occasionally  amount  to  nearly  10  per  cent,  of  the  total 
sulphur  acids  present  (comp.  p.  405).  This  fact  has  been  utilized 
by  various  inventors.  Majert  and  Messel  (E.  P.  1201, 1878)  pass 
the  burner- gas  through  concentrated  sulphuric  acid,  which 
dissolves  the  SO},  and  can  thus  be  brought  up  to  real  mono- 
hydrate,  HjSO^,  or  even  further ;  but  undoubtedly  this  acid  must 
be  saturated  with  SOg  as  well,  and  this  will  make  it  useless  for 
most  purposes. 

Dehydration  of  Sulphuric  Add  by  Metaphosphoric  Acid. — 
Nobel  and  Fehrenbach  (E.  P.  10,860,  of  1884)  pass  the  vapours 
of  boiling  strong  sulphuric  acid  over  lumps  of  metaphosphoric 
acid  heated  to  320°.  This  acid  retains  the  water  and  part  of  the 
sulphuric  acid,  whilst  vapours  of  sulphuric  anhydride  are  given 
off  and  are  condensed  in  the  usual  manner.  The  operation  is 
performed  in  a  vessel  of  glass  or  platinum  heated  in  a  sand-bath. 
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tbe  sulphuric-acid  yapours  being  passed  in  bj  a  tube  reaching 
nearly  to  the  bottom.  The  vapours  of  SO3  escape  at  the  top,  the 
liquefied  mixture  of  phosphoric  and  sulphuric  acid  runs  out  at  the 
bottom,  and  is  reconverted  into  ijnetaphosphoric  acid  by  evapora- 
tion and  calcination  at  a  low  red-heat.  [Up  to  the  present  no 
material  is  known  by  which  this  process  could  be  carried  out. 
Glass  or  platinum  certainly  do  not  resist  the  action  of  fused 
phosphoric  acid  for  any  leogth  of  time.] 

Sulphuric  Anhydride  from  Chamber -crystals, — O.  von  Gruber 
(G.  P.  27,726)  proposed  making  SO3  from  nitrososulphuric  acid 
(chamber-crystals)  by  heating  them  with  dry  air  and  sulphur 
dioxide  at  a  higher  temperature,  and  recovering  the  nitre  gas 
evolved. 

Application  of  Electricity  for  manufacturing  Sulphuric  Anhy- 
dride.—Leon  (F.  P.  206,088,  June  9,  1890)  proposes  manufac- 
turing sulphur  trioxide  by  the  electrolysis  of  sulphuric  acid  of 
66°  or  65°*5  Baume.  The  current  must  not  exceed  ^  ampere  per 
square  centimetre,  in  order  to  avoid  heating.     Thus  SOg,  H,  and 

0  are  produced ;  the  former  is  condensed  and  the  latter  escape. 
The  electrodes  are  made  of  platinum  or  carbon;  they  are  kept 
2  or  3  millimetres  apart  by  means  of  asbestos  or  glass-wool,  which 
reduces  the  electrical  resistance  of  the  bath  to  2  or  3  ohms  per 
centimetre,  and  permits  a  near  approach  to  the  theoretical  yield, 
viz.    1    kilog.    H2SO4  for   each   half  horse-power   per   hour,  or 

1  kilog.  of  45  per  cent.  Nordhausen  acid.  Sometimes  a  deposit 
of  sulphur  is  formed  on  the  cathode,  but  this  is  got  rid  of  by 
reversing  the  current. 

Some  more  details  respecting  Leon^s  process  are  given  in  his 
German  patent  (No.  57,118).  He  works  in  a  cast-iron  tank, 
cooled  from  without  and  covered  with  a  slate  slab.  In  the  centre 
is  the  hollow  platinum  anode,  with  a  water-cooled  brass  box  inside. 
It  is  surrounded  by  an  open,  annular  cathode,  provided  with 
open  passages  at  the  bottom,  and  supported  by  glass-coated  copper 
rods,  ending  in  platinum  caps.  With  currents  of  very  low  density 
(O'l  amp.  to  1  square  centimetre),  in  which  case  the  voltage  can 
be  lowered  to  2'5,  the  electrodes  are  3  centimetres  high,  and  consist 
of  crude  copper,  coated  on  both  sides  with  platinum-foil  soldered 
with  gold  ;  these  are  coiled  in  a  spiral  shape  and  kept  at  a  proper 
distance  by  glass  rods  and  asbestos  cord.      Per  hour   1  kilog. 


CONTACT-PROCESSES. 


anhydrous  acid  [monohydrate  ?]  can  be  produced  with  an  expen- 
diture o£  0'9  H.P.,  or  1  kilog.  fuming  acid  of  68°  Baume  with  an 
expeuditure  of  1'2  H.F. 


The  Manufacture  of  Sulphuric  Anhydride  (also  of  Fuming  and 
Ordtnary  Sulphuric  Acid)  by  "  Contact  "-Proceases. 

This  manufacture,  which,  after  a  number  of  unsuccessful 
attempts,  made  during  a  period  of  many  years,  was  definitely 
established  in  the  last  quarter  of  the  19th  Century,  has  during  the 
last  few  years  enormously  increased  in  importance,  and  apart  Irom 
'supplying  all  the  fuming  sulphuric  acid  now  used,  bids  fair  to 
oust  the  time-honoured  lead-chamber  process,  at  least  for  the 
manufacture  of  highly  concentrated  acid. 

Up  to  1899  very  little  was  known  as  to  what  the  various  factories 
were  doing  in  that  respect,  complete  secrecy  being  observed 
thereon.  The  ice  was  broken  by  the  pnblication  of  the  patents 
taken  out  almost  simultaneously  by  the  Sadiscbe  Anilin  und 
Sodafabrik,  by  the  Hoechst  works  (Meister,  Lucius,  &  Briining), 
and  the  Mannheimer  Verein  chemischer  Fabriken.  But  even 
then  most  of  the  circumstances  of  the  rise  and  the  present  slate 
of  this  industry  remained  unknown.  This  veil  was  to  a  certain 
extent  lifted  by  a  lecture  given  by  Dr.  Kaietach,  of  the  Badische 
Anilin  und  Sodafabrik,  before  the  German  Chemical  Society  and 
published  in  the  Berichte,  1901,  vol,  xxxiv,  pp.  4069  el  seq. 

It  is  needless  to  say  that  I  have  fully  drawn  upon  this  source 
in  my  account,  as  well  as  upon  everything  else  accessible  in  print; 
but  I  have  had,  moreover,  the  good  fortune  to  receive,  for  the 
purpose  of  this  work,  extended  and  most  valuable  communications, 
embracing  very  many  hitherto  unpublished  facts,  from  most  of  the 
firms  or  inventors  connected  with  the  new  contact-processes,  as 
will  he  apparent  by  the  full  quotations  given  from  these  in  the 
following  pages. 

The  first  observation  of  what  we  now  call  "  catalytic "  or 
*'  contact "  reactions,  seems  to  have  been  made  by  Sir  Humphrey 
Davy,  in  1817.  He  found  that  heated  platinum  wire,  introduced 
into  a  mixture  of  oxygen  or  air  with  hydrogen,  carbon  monoxide, 
ethylene,  or  cyanogen,  increases  its  heat  to  a  vivid  glowing,  and 
that  the  gaseous  mixture  is  slowly  or  rapidly  burned.     In  1820 
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Edmund  Davy  found  that  platinum  black,  obtained  by  precipitating 
a  platinum  solution  with  hydrogen  sulphide,  treating  the  precipi- 
tate with  nitric  acid,  evaporating  the  solution,  and  boiling  the 
residue  with  alcohol,  when  moistened  with  spirit  of  wine,  glows  up 
in  the  air  with  combustion  of  the  spirit.  In  1822  Doebereiner 
found  that  the  residue  produced  by  igniting  ammonio-platinum 
chloride,  when  moistened  with  alcohol,  in  the  air  behaves  in  the 
same  manner;  and  in  1823  he  found  that  finely  divided  platinum 
inflames  a  current  of  hydrogen,  directed  upon  it  in  the  presence 
of  air,  upon  which  reaction  he  founded,  in  1824,  his  celebrated 
inflaming  machine. 

Although  the  terms  '^  contact  ^'  or  "  catalytic  "  reactions  were 
not  used  at  that  time,  it  is  worthy  of  notice  that,  soon  after 
Doebereiner  had  discovered  what  we  now  call  the  contact  reaction 
of  platinum  in  efiecting  the  union  of  oxygen  and  hydrogen, 
Dulong,  Thenard,  and  Dumas  found  that  a  number  of  other  sub- 
stances, both  simple  and  composite,  had  the  same  effect ;  and  the 
notion  soon  gained  ground  that  these  substances  owe  their  func- 
tion to  their  porous  properties  by  which  gases  are  condensed 
within  the  pores  to  a  small  volume^  and  the  molecules  are  thus 
brought  more  nearly  together,  so  that  they  can  react  more  easily 
upon  each  other. 

In  1835,  Berzelius  (Jahresbericht,  xv.,  published  in  1836,  pp.  237 
et  seq,)  comprised  the  just  mentioned  reactions  in  the  same  group 
with  a  number  of  reactions  observed  in  organic  chemistry  (the 
conversion  of  starch  into  sugar  by  dilute  acids,  the  fermentation 
of  sugar  by  yeast,  the  production  of  ethylic  ether  from  alcohol  by 
strong  sulphuric  acid),  also  with  the  decomposition  of  hydrogen 
peroxide  by  a  number  of  substances,  all  of  them  apparently  caused 
by  a  certain  body  which  remains  unchanged  and  does  not  itself 
take  part  in  the  new  combinations.  Berzelius  more  especially 
refers  to  the  celebrated  investigations  by  Mitscherlich  on  the 
action  of  sulphuric  acid  in  the  formation  of  ether  from  alcohol; 
the  terms  ^'contact-substance"  and  '^ contact-reactions "  indeed 
were  first  used  by  Mitscherlich.  Berzelius,  however,  went  further 
and  attributed  the  above,  and  all  analogous  reactions,  which  he 
calls  ^'  catalyses,''  to  a  new  '^  catalytic  force  "  which  he  does  not 
define  very  clearly. 

We  must  here  mention  that  Berzelius  in  the  work  just  quoted 
does  not  refer  to  the  contact  action  of  platinum  on  the  union  of 
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sulphur  dioxide  and  oxygen,  although  this  fact  could  hardly  have 
been  unknown  to  him.  We  shall  enter  into  the  general  subject 
of  catalysis  later  on. 

Several  years  before  Berzelius  published  the  above  generalization, 
a  fundapaental  invention  had  been  made  which  applied  to  what 
was  afterwards  called  the  catalytic  action  of  platinum  in  the  pre- 
paration of  sulphur  trioxide  from  dioxide  and  atmospheric  air. 
A  British  patent  No.  6096  (March  21, 1831),  by  Peregrine  Phillips  I 
Junior,  of  Bristol,  vinegar  manufacturer,  describes  "  Certain  im- 
provements in  manufacturing  sulphuric  acid,  commonly  called  oil 
of  vitriol,  viz.,  firstly,  causing  an  instantaneous  union  of  the  sul- 
phurous acid  gas  with  the  oxygen  of  the  atmosphere,  and  so  save 
saltpetre  and  the  cost  of  vitriol  chambers,  by  drawing  them  in 
proper  proportions,  by  an  air-pump  or  otherwise,  through  an  ignited 
tube  or  tubes  of  platina^  porcelain,  or  some  material  not  acted  on 
by  heated  sulphurous  acid  gas,  in  which  are  fine  platina  wire  or 
platina  in  any  finely  divided  state.  The  sulphuric  acid  formed  is 
absorbed  in  a  lead-lined  tower,  filled  with  pebbles  over  which  water 
is  made  to  trickle  down.'' 

Undoubtedly  we  have  here  the  fundamental  features  of  the 
contact-process  as  now  employed,  and  Peregrine  Phillips  must  be 
called  its  inventor  in  the  same  way  as  Dyar  and  Hemming  are  the  . 
inventors  of  the  ammonia-soda  process.  The  history  of  both 
inventions  presents  some  common  features.  Made  and  patented 
in  England,  within  a  very  few  years  of  each  other,  by  persons 
otherwise  absolutely  unknown,  evidently  neither  trained  chemists 
nor  practical  manufacturers  in  their  respective  lines,  they  re- 
mained almost  unnoticed  in  the  country  of  their  birth ;  they  were 
taken  up  in  foreign  countries,  at  first  by  men  of  science,  after- 
wards by  manufacturers,  but  only  after  having  suffered  many 
checks  were  they  brought  to  full  technical  success,  both  abroad 
and  in  England,  after  an  almost  equally  long  interval,  during 
which  all  attempts  in  that  direction  were  judged  hopeless. 

Almost  immefiiately  after  the  publication  of  Phillips's  patent,  two 
German  scientists  repeated  his  experiments.  Magnus  (Pogg.  Ann. 
1832,  xxiv.  p.  610)  found  that  2  vols,  sulphur  dioxide  mixed  with 
1  vol.  oxygen  (or  more  slowly  with  the  corresponding  quantity  of 
air)  is  gradually  condensed  into  sulphuric  acid  in  the  presence 
of  water,  but  much  more  quickly  in  the  presence  of  heated 
platinum^  especially  in  the  spongy  state.     Magnus  also  observed 
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the  formation  of  a  little  sulphuric  acid  on  conducting  the  gaseous 
mixture  through  a  darkly  red-hot  tube  containing  broken  glass. 
At  the  same  time  Doebereiner  (ib.  p.  609)  mentions  that  he  had 
succeeded  in  condensing  a  mixture  of  2  vols,  sulphur  dioxide  and 
1  vol.  oxygen  by  the  assistance  of  '^  hygroscopically  moisf 
platinum  black  to  fuming  sulphuric  acid.  (The  formation  of  what 
ire  now  call  "  anhydride  ^'  had  been  also  noticed  by  Phillips  and 
Magnus.) 

A.  W.  Hofmann,  in  his  Report  by  the  Jury  on  the  Exhibition 
of  1862^  p.  9^  mentions  a  patent  of  Kuhlmann's^  bearing  upon  the 
use  of  platinum  as  contact-substance  for  converting  SO2  into  SOz, 
dated  Dec.  22,  1838.  There  is  no  English  patent  of  this  kind; 
probably  it  was  a  French  patent. 

In  1847  it  became  first  known  that  a  Belgian  chemist,  Schneider, 
had  worked  on  '^  the  manufacture  of  sulphuric  acid  and  its  con- 
centration to  66°  B.  without  lead  chambers  and  platinum  still  by  a 
<jontact-process.^^  The  first  communication  appeared  in  '  Dingler's 
Journal/  cvi.  p.  395 ;  further  communications,  all  from  French 
sources  (Comptes  Bendus,  Moniteur  universel.  Bulletin  de  la 
Societe  d^Encouragement),  in  the  same  Journal,  cvii.  pp.  159  &  362, 
and  cix.  p.  354.  The  last  is  the  most  extended  and  contains  both 
a  description  and  somewhat  detailed  drawings  of  his  apparatus. 
Schneider  showed  his  process  first  to  a  number  of  Belgian 
gentlemen  (among  them  Chandelon),  afterwards  to  a  committee 
appointed  by  the  French  Academy  of  Science,  to  which  belonged 
Dumas,  Pelouze,  and  Payen.  Their  report  (by  Payen)  testifies  that 
the  process  had  been  demonstrated  by  a  model — that,  in  fact,  sul- 
phuric acid  had  been  made  without  nitric  acid  or  a  nitrate,  with  a 
yield  approaching  that  obtained  in  the  actual  manufacture  (by  the 
old  system),  and  much  greater  than  was  attainable  on  the  small 
scale  without  the  action  of  porous  bodies.  Schneider  employed 
as  contact-substance  pumice,  prepared  in  a  manner  which  he  kept 
secret  even  before  the  examining  committee,  and  which  has  never 
been  divulged,  so  that  we  do  not  know  whether  his'  pumice  was 
platinized  (which  is  the  most  likely  assumption)  or  prepared  in 
any  other  way;  his  apparatus  (which  does  not  appear  to  have 
advanced  beyond  the  stage  of  a  working  model)  required,  for  the 
treatment  of  800  kil.  sulphur  per  diem,  the  considerable  space  of 
500  cubic  metres,  with  a  contact-surface  of  9500  square  metres. 

Schneider  reports  that  already  twelve  years  before,  in  March 
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1885,  Clement-Desormes  wrote  to  him  as  follows : — ''  I  am  con- 
vinced that  in  at  most  ten  years  it  will  be  possible  to  make 
sulphuric  acid  on  the  large  scale  from  its  constituents  without 
lead  chambers,  nitric  acid  or  nitrates/'  But  that  was  a  wrong 
prediction  (if  ever  made),  and  at  all  events  was  never  realized  "  on 
the  large  scale ''  by  Schneider,  of  whom  the  world  has  never  heard 
anything  since.  We  find  no  mention  of  fuming  sulphuric  acid  in 
his  publications. 

Platinum  in  some  shape  or  other  has  been  alluded  to  by  many 
inventors  since  Phillips.  Already  in  1846  (E.P.  11,425)  J.  T.  Jullion 
mentions  platinum  sponge  or  "  asbestos  coated  or  covered  with 
platinum "  or  other  ''  catalytic  or  contact  substances  "  heated  to 
from  600°  to  900°  P.  (316°  to  482°  C.) ;  but  he  applies  this  only  to 
the  conversion  of  nitrogen  oxides  into  ''  hyponitrous,  nitrous,  or 
nitric  acid,''  and  to  that  of  hydrochloric  acid  vapours,  by  means  of 
oxygen  or  air,  while  he  makes  sulphuric  acid  from  water,  sulphurous 
acid  and  chlorine  without  platinum.  But  a  few  years  later  we 
find  platinized  asbestos  clearly  indicated  for  the  manufacture  of 
sulphuric  acid. 

In  1852  Petrie  (E.  P.  No.  590)  mentions,  besides  siliceous 
matter  and  spongy  platinuw,  also  ^'  filaments  of  asbestos  coated  with 
platinum."  And  in  a  specification,  No.  188,  of  1854  (not  carried 
beyond  provisional  protection)  W.  H.  Thomthwaite  speaks  of  manu- 
facturing sulphuric  acid  by  carrying  the  vapours  of  sulphurous 
acid  and  the  requisite  quantity  of  common  air,  or  passing  the 
fumes  from  a  burning  mixture  of  sulphur  and  nitrate  of  potash, 
over  a  heated  catalyzing  agent,  '^  by  which  a  considerable  saving 
of  nitrate  of  potash  is  efiected.^'  As  such  "  catalyzing  agents " 
he  specifies  '^ platinized  asbestos  or  other  platinized  substance  not 
liable  to  change  from  the  action  of  sulphuric  acid,  or  the  sesquioxide 
of  chromium,  of  iron,  or  other  sesquioxide.^' 

In  1855  (Liebig's  Jahresb.  1855,  p.  308)  Piria  describes  the  pre- 
paration of  anhydrous  sulphuric  acid  by  means  of  platinized  pumice 
from  SO2  and  air,  or  preferably  oxygen.  He  had  evidently  been 
working  entirely  on  a  laboratory  scale,  but  it  is  interesting  to  note 
that  his  special  object  was  the  preparation  of  sulphuric  anhydride, 
not  of  ordinary  acid,  as  most  of  the  other  inventors  had  in  view. 

Already  Magnus,  as  we  have  seen,  had  united  SOs  and  0  by 
another  '^  contact-substance  "  than  platinum.  In  1848  (B.P.  No. 
1 2,264),  Laming  applied  for  this  purpose  pumice-stone,  prepared  by 
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boiling  in  concentrated  sulphuric  acid,  immersed  in  water  con- 
taining a  little  ammonia,  dried  and  heated  in  a  closed  retort  to 
near  600°  F.  (816°  C.)  with  about  one  per  cent,  of  peroxide  of 
manganese,  allowing  it  to  cool  out  of  contact  with  the  atmosphere; 
he  describes  the  product  as  a  '^catalytic  porous  body.''  The 
'^  sulphurous-gas  is  mixed  with  a  due  proportion  of  atmospheric  air 
and  a  minute  quantity  of  ammonia  gas  "  (\),  and  is  passed  through 
vertical  columns  filled  with  the  catalytic  body  and  kept  between 
550°  and  600°  F.  (288°  to  816°  C.)  ;  the  sulphuric  acid  formed 
therein  is  washed  out  of  the  columns  by  water,  a  chimney 
maintaining  a  current  throughout  the  whole  conduit. 

The  next  publication  to  be  noticed  is  by  Blondeau  (Comp. 
Bend.  1849,  xxix.  p.  405).  Starting  from  an  observation  made 
by  Boussingault  on  the  formation  of  sulphuric  acid  in  some 
American  rivers,  near  which  the  gases  from  burning  sulphur  ores 
came  into  contact  with  argillaceous  sand  and  schist,  Blondeau 
passed  a  mixture  of  sulphur  dioxide,  air,  and  steam  through  a 
red-hot  porcelain  tube  filled  with  argillaceous  sand,  no  doubt  also 
containing  ferric  oxide.  He  obtained  some  sulphuric  acid,  but 
this  was  not  followed  up. 

A  few  years  later  a  very  important  further  step  was  made  for 
the  introduction  of  other  contact-substances  than  platinum. 

Woehler  and  Mahla  found  in  1852  (Ann.  Chem.  Pharm.  Ixxxi. 
p.  255)  that  the  oxides  of  copper,  iron,  chromiuniy  best  of  all  a 
mixture  of  chromium  and  copper  oxide,  brought  to  a  low  red-heat, 
caused  the  formation  of  thick  fumes  from  a  mixture  of  SOg  and  0. 
Platinum  as  sponge  and  sheet  did  not  act  at  ordinary  temperatures; 
but  it  acted  far  below  red-heat,  copper  sponge  only  after  superficial 
oxidation.  Woehler's  results  gave  an  impetus  to  several  trials  at 
factories  (for  instance,  at  the  Oker  works),  which,  however,  re- 
mained fruitless  (Wagner's  Jahresb.  for  1859,  p.  144),  because  the 
time  required  for  the  reaction  was  too  considerable.  I  have  made 
enquiries  about  the  Oker  trials  in  trustworthy  quarters,  which  have 
shown,  from  official  sources^  that  the  experiments  made  there 
were  performed  in  an  iron  tube,  with  a  mixture  of  sulphurous 
acid  vapours  and  air,  and  led  to  the  condensation  of  acid  of  5°  6. 
in  a  lead  tube  fed  with  water.  Evidently  it  was  only  a  large  scale 
laboratory  experiment. 

Woehler  and  Mahla  already  gave  a  correct  interpretation  of 
the  catalytic  action  in  this  case,  viz.  the  alternate  reduction  of 
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FcjOj  and  CuO  to  FeaOj  and  Cu,0  by  SOj,  and  their  reoxidation 
by  the  oxygen  ;  they  also  noticed  that  the  formatioa  of  SO^  took 
place  without  the  presence  of  moisture ;  but  as  the  attempts  at 
utilizing  the  reaction  on  the  large  scale  were  made  with  a  view 
of  manufacturing  ordinary  sulphuric  acid,  there  was  probably  no 
attempt  made  at  including  moisture  which  is  very  prejudicial  in 
this  case,  as  we  shall  see. 

Very  soon  after  Woehler  and  Mabla's  publication,  Robb  took 
out  two  English  patents  (No.  731  and  788,  of  1853),  in  which 
he  describes  the  manufacture  of  sulphuric  acid  by  passing  sul- 
phurous acid  from  pyrites-kilns  over  peroxide  of  iron,  resulting 
from  the  combustion  of  pyrites,  heated  to  dull  red-heat  in  a  furnace 
or  kiln  kept  hot  by  the  pyrites-gases  themselves,  lur  being 
admitted  at  the  bottom  of  the  kiln.  lu  his  second  patent  he  also 
mentions  oxide  of  manganese  and  other  substances,  the  whole  to 
be  coarsely  powdered  and  made  up  into  bricks,  by  means  of  clay  or 
small  coal  Sec.,  dried  until  they  are  hard.  As  we  have  seen  above, 
Thornthwaite  in  1854  also  mentions  the  oxides  of  chromium 
and  iron. 

Trueman  (E.  P.  982,  1854)  makes  sulphuric  acid  from  pyritea- 
kiln  and  other  gases  both  by  the  help  of  platinum  (either  in  theshape 
of  wire  or  of  pumice-stone  or  other  porous  substances  impregnated 
with  platinum  chloride  and  ignited)  and  oxides  of  iron,  copper, 
chromiuui,  and  manganese,  broken  into  small  lumps  and  kept 
at  a  red-heat. 

Schmersahl  and  Bonck  {E.  P.  183,  1855)  employ  for  the  same 
purpose  a  mixture  of  sulphurous  acid  and  air,  passed  through 
heated  tubes,  supplied  with  asbestos,  or  a  mixture  of  copper  and 
chrome  oxides,  platinum  in  wire  or  sheets,  prepared  pumice-stone, 
coke,  animal  or  other  charcoal,  or  other  porous  substances  which 
aftbrd  an  extensive  surface.  The  gases  are  iirst'  passed  through 
water  previously  to  being  combined  with  atmospheric  air. 

Silica  is  also  mentioned  as  a  catalyzer  for  the  formation  of  SO; ; 
but  the  British  patents  quoted  in  support  of  this  do  not  refer  to 
this  subject.  Thus  Petrie  (B.  P.  590, 1852  ;  2095, 1856}  passes  the 
gases  from  burning  sulphur  through  towers  tilled  with  pebbles; 
but  as  these  are  to  be  fed  with  water,  there  is  no  question  of 
"  contact-action  "  as  at  present  understood.  W,  Hunt  {B.  P. 
1919, 1853)  employs  chambers  or  flues  filled  with  pebbles  or  pumice 
or  any  other  material  capable  of  resisting  the  action  of  heat  and 
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acid,  made  nearly  red  hot  by  the  heat  of  the  burner-gases  or  by 
the  spare  heat  from  coke-ovens  and  the  like,  ^'  By  this  means 
part  of  the  sulphurous  acid  gas  is  made  to  take  up  oxygen  from  the 
air  more  readily  than  when  the  gases  are  comparatively  cool/' 
The  sulphuric  acid  formed  is  carried  forward  with  some  sul- 
phurous acid  into  a  vitriol-chamber  or  into  a  condensing-tower  fed 
with  nitrosulphuric  acid.  Evidently  Hunt  did  not  contemplate  a 
catalytic  action  in  the  proper  sense  (although  this  might  occur  to 
a  slight  extent),  but  merely  the  promotion  of  the  union  of  SOq 
and  O  by  the  action  of  heat. 

Plattner  ('Die  metallurgischen  Rostprozesse/  Freiberg,  1856, 
pp.  334  et  seq.)  tried  to  carry  out  Hunt's  proposal  at  the  Mul- 
denerhiitte  at  Freiberg  in  such  a  manner  that  no  fuel  is  required 
for  keeping  the  silica  serving  as  contact-substance  in  the  hot  state. 
He  arranged  two  vertical  flues  within  the  roasting-kiln  or  heap, 
filled  with  lumps  of  quartz  or  siliceous  slate,  and  made  the  roasting- 
gases  pass  through  these  flues.  We  may  disregard  the  results 
obtained  by  analyzing  a  sample  of  gas  drawn  through  caustic- 
potash  solution^  as  this  method  yields  altogether  erroneous  results, 
the  sulphide  in  alkaline  solution  being  quickly  oxidized  by  the  free 
oxygen  present ;  but  although,  on  the  strength  of  these  analyses, 
Plattner  assumed  that  a  large  proportion  of  SO^  had  been  oxidized 
to  SOj  (in  one  instance  30  :  1 !),  and  says  that  further  experiments 
are  to  be  made,  no  practical  results  have  become  known,  and  we 
may  well  imagine  that  the  real  formation  of  SO3  was  ultimately 
found  to  be  too  slight  to  be  of  any  practical  use. 

CI.  Winkler,  in  his  paper  quoted  below,  mentions  that  Reich, 
in  a  pamphlet  on  the  steps  taken  for  dealing  with  the  noxious 
vapours  at  the  Freiberg  works,  speaks  of  experiments  made  on  the 
same  line  as  Plattner's,  but  that  the  efiect  was  much  too  slow 
for  practical  use.  Since  Reich  presumably  used  the  same  faulty 
analytical  method  as  Plattner  had  done  before  him,  we  may  take 
it  that  there  is  really  nothing  certain  known  about  the  contact 
action  of  silica,  except  that  it  is  altogether  insufficient  for  our 
present  purpose. 

Henry  Deacon,  the  inventor  of  the  celebrated  chlorine  process 
which  bears  his  name,  and  which  is  based  on  the  catalytic  action 
of  cupric  sulphate  or  chloride,  tried  to  apply  this  action  (of  course 
in  this  case  that  of  the  sulphate)  to  the  manufacture  of  anhydrous 
or  ordinary  sulphuric  acid   (E.  P.  753  &  1682,  both  of  1871). 
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Evidently  he  had  no  practical  success  in  this  direction,  although 
his  own  energy  and  that  of  his  gifted  collaborator,  Dr.  Hurler, 
were  sufScient  to  OTercome  any  accidental  difficulties.  But  it  is 
interesting  to  note  that  he  made  two  observations,  important  even 
to  this  day,  viz,  :  that  the  too  sudden  cooling  of  gases  after  their 
treatment  in  the  contact-apparatus  should  be  avoided,  and  that  the 
reaction  goes  on  more  favourably  if  an  excess  of  air  or  oxygen  is 
employed.  His  instruction  as  to  the  best  temperature  for  the 
contact-process  is  certainly  too  vague  to  do  much  good,  viz. 
"between  that  point  at  which  sulphate  of  copper  begins  to  be 
decomposed  in  a  current  of  hot  air  aud  about  that  point  at  which 
tin  melts."  Another  patent  of  his  (No.  1908,  of  1871)  describes 
how  the  SOj  formed  by  passing  pyrites  burner-gas,  mixed  with 
heated  air,  through  a  heated  vessel  containing  burnt  clay  impreg- 
nated with  a  salt  of  copper  is  to  be  mixed  with  more  air  or 
oxygen  and  is  to  he  made  to  act  on  NaCl  or  KCl,  in  order  to 
produce  alkaline  sulphates  and  free  chlorine. 

Up  to  the  time  to  which  we  have  now  arrived  in  our  historical 
survey,  nearly  all  the  attempts  at  uniting  sulphur  dioxide  and 
oxygen  by  contact- processes  had  aimed  at  replacing  the  ordinary 
lead-chamber  process,  principally  with  a  view  of  saving  the  great 
cost  both  of  the  plant  and  the  nitre,  which  at  that  period  was  many 
times  larger  than  it  is  at  present,  partly  owing  to  the  absence  or 
imperfection  of  nitre-recovery  apparatus,  partly  to  the  much  higher 
price  of  nitrate  of  soda.  Several  of  the  inventors  certainly  speak 
of  fuming  sulphuric  acid  or  of  sulphuric  anhydride,  as  we  have 
seen,  but  none  of  them  except  Firia  (who  evidently  thought  only 
of  laboratory  work)  places  this  in  the  foreground,  for  the  simple 
reason  that  there  was  no  market  for  large  quantities  of  fuming 
sulphuric  acid,  and  the  requirements  of  the  world,  at  that  timcj 
were  easily  met  by  the  Bohemian  works,  which  could  have  supplied 
considerably  more  of  that  article,  if  it  had  been  called  for,  at  such  a 
low  cost  that  competition  by  the  contact-processes,  in  the  imperfect 
state  then  kuowD,  would  have  been  very  difficult. 

Just  for  this  reason  the  various  inventors  took  no  special  care  . 
in  excluding  moisture  in  their  experiments,  if  they  did  not  actually  1 
introduce  water  or  steam  on  purpose ;  and  precisely  this  circum-  J 
stance  caused  the  catalytic  action  to  be  very  slow  and  imperfect,  \ 
as  moisture  (at  least  when  exceeding  an  extremely  small  quantity) 
saems  to  act  as  a  "  poison  "  for  most  of  the  reactions  in  question. 
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Nor  was  it  sufficiently  known  up  to  that  time  (and  mucli  later) 
what  great  importance  the  complete  removal  of  flue-dust  and  other 
I  impurities  has  for  these  processes,  more  particularly  those  em- 
\  ploying  platinum.  This  was  first  sufficiently  proved  by  the  pateats 
^of  the  Badische  Pabrik.  Last,  not  least,  the  development  of 
chemical  engineering  was  not  sufficiently  advanced  to  enable  the 

1  manufacturer  to  transfer  results  gained  in  the  laboratory  to  the 
large  working  scale  as  easily  as  this  is  the  case  at  present,  yfe 
surely  need  not  wonder  at  the  length  of  time  which  elapsed  from 
the  date  of  Phillips's  patent  to  the  actual  introduction  of  the 
contact-process  in  our  industry,  if  we  consider  that  the  working 
out  of  the  ammonia-soda  process  to  a  real  going  affair  did  not 
require  much  less  time. 

The  first  of  the  above-named  reasons  for  the  slow  development 
1  of  the  con  tact -processes,  viz.  the  want  of  an  extensive  market  for 
I  filming  sulphuric  acid,  was  removed  through  the  invention  of  the 
I  synthetical  production  of  alizarine  (which  became  a  technical  fact 
about  1872,  having  been  first  discovered  in  December  1868),  and 
of  other  colouring-matters,  equally  requiring  at  intermediate  stages 
of  the  manufacture  the  preparation  of  sulphonic  acids,  not  ob- 
tainable except  by  the  agency  of  fuming  sulphuric  auid.  The 
demand  for  that  article  rapidly  rose  to  such  an  extent  that  the 
Bohemian  works  founded  upon  the  exploitation  of  "copperas-slate," 
all  of  which  then  belonged  to  the  firm  of  J.  D.  Starck,  could 
hardly  supply  it,  and  the  naturally  greatly  enhanced  price  made 
this  situation  even  more  unbearable  to  the  manufacturers  of  tar- 
colours.  Many  chemists  at  that  period  turned  their  attention 
towards  the  production  of  fuming  sulphuric  acid  in  other  places 
and  by  other  methods,  either  in  the  direction  of  carrying  out  the 
Bohemian  process  with  some  other  and  more  suitable  material 
than  the  Pilsen  slates,  or  iu  that  of  applying  one  or  more  of  the 
contact-processes  invented  from  the  time  of  Phillips  onwards. 
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platinam  process  all  impurities,  especially  arsenic,  must  be  removed, 
and  that  the  heat  of  reaction  is  injimoua  and  must  be  carried  I 
away,  belongs  to  a  later  period  and  did  not  become  known  before  I 
the  patents  of  the  Badische  Fabrik.     But  just  that  proposal  which,  -' 
at  the  turning-point  at  which  we  have  now  arrived,  aroused  the 
greatest  attention,  and  professed  both  to  explain  the  mishaps  of 
former  inventors  and  to  usher  in  a  period  of  more  successful 
working,  viz.  the  exclusion  of  an  escess  of  oxygen  as  well  as  of 
inert  gas,  has  proved  to  be  a  step  in  a  wrong  direction,  which  has 
caused  the  waste  of  very  much  time,  energy,  and  money.     Indi* 
rectly,  however,  it  has  been  very  useful  in  imparting  fresh  courage 
to  those  working  in  that  field,  and  in  first  placing  synthetically 
produced  fuming  sulphuric  acid  into  the  market. 

The  publication  of  Clemens  Winkler's  paper  in  Dingler's  | 
Journal,  October  1875,  vol.  ccxviii.  p.  128,  is  universally  acknow-  [ 
ledged  to  have  been  the  opening  of  a  new  epoch  in  the  history  of  | 
the  manufacture  of  fuming  sulphuric  acid,  nay,  although  nobody  • 
dreamed  of  it  at  the  time  (as  it  has  turned  out),  in  that  of  sul- 
phuric acid  generally.  That  this  was  "  in  the  air,"  that  the  practical 
introduction  of  contact-processes  from  one  side  or  another  was 
only  a  question  of  time,  need  not  be  said,  and  is  best  proved 
-  by  the  fact  that  almost  on  the  same  day  that  Winkler  sent  his 
manuscript  to  Dingier,  W.  S.  Squire  lodged  an  application  for  an 
English  patent  (No.  3278,  Sept.  18, 1875),  which,  strange  to  say, 
embodies  precisely  the  same  idea  (now  known  to  be  erroneous) 
concerning  the  best  composition  of  the  gases  for  the  contact- 
process  and  the  way  of  securing  this  composition  by  decomposing 
sulphuric  acid  itself  by  strong  heat.  This  process  was  the  common 
invention  of  W.  S.  Squire  and  Rudolph  Messel.  The  two  authors 
a  little  later  (April  20,  1876)  read  a  paper  concerning  their 
process  before  the  Chemical  Society,  but  it  does  not  appear  in 
their  Transactions.  I  am,  however,  enabled,  by  the  kindness  of 
Dr.  Messel,  who  has  sent  me  a  manuscript  copy  of  that  paper,  to 
quote  a  few  points  of  historical  interest  from  it.  The  inventors 
were,  like  Winkler,  induced  to  try  the  catalytic  process  by  the  sudden 
rise  in  the  price  of  fuming  oil  of  vitriol,  and  they  tested  the  action 
of  pumice  impregnated  with  a  solution  of  platinum  chloride  and 
ammonium  chloride,  heated  to  dull  redoess,  on  a  mixture  of  the 
vapours  of  burning  sulphur  and  air,  or  of  SO  produped  from 
copper  and  sulphuric  acid,  with  iust  enough  air  to  oxidize  the  SOj. 
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Dense  clouds  of  SOs  were  at  once  observed,  but  could  not  be  properly 
condensed.  This  was^  however^  possible  when  passing  a  mixture 
of  pure  SO2  and  oxygen  in  the  requisite  proportions  over  spongy 
platinum.  "  The  whole,  or  very  nearly  the  whole/^  of  the  SO3  was 
oxidized,  and  in  the  absence  of  foreign  gases  the  condensation 
of  liquid  SO3  was  "  extremely  perfect/'  The  next  step  was  to 
prepare  the  mixture  of  SO2  and  O  on  a  commercial  scale ;  and 
the  inventors,  like  Winkler,  bethought  themselves  of  Deville's 
celebrated  process  of  preparing  oxygen  by  subjecting  sulphuric 
acid  to  a  high  temperature.  They  boiled  strong  sulphuric  acid 
in  a  small  platinum  still,  passed  the  vapours  through  a  platinum 
tube  kept  at  nearly  white-heat,  cooled  and  dried  the  vapours 
issuing  from  that  tube  and  passed  them  through  a  second  tube 
containing  platinized  pumice  kept  at  a  dull  red-heat.  Thus  they 
obtained  nearly  70  parts  of  SOb  from  100  parts  of  white  sulphuric 
acid. 

They  further  tried  Woehler  and  Mahla's  mixture  of  the  oxides 
of  chromium  and  copper,  made  into  pills  with  asbestos  and  heated 
to  redness;  but  they  preferred  to  employ  spongy  platinum  in 
an  apparatus  erected  at  Silvertown,  capable  of  producing  some 
tons  of  anhydrous  SOs  P^^  week,  which  was  nearly  ready  for 
starting  at  that  time  (April,  1876).  They  ultimately  note  that  the 
loss  of  activity  of  the  catalytic  agent  is  due  to  the  accumulation 
of  foreign  matter,  such  as  flue-dust,  which  would  not  exist  in 
their  process  of  preparing  the  mixture  of  SO2  and  O  from  strong 
sulphuric  acid.  (Arsenic,  however,  is  not  mentioned  here,  and 
the  importance  of  excluding  even  the  smallest  traces  of  volatile 
arsenic  compounds  as  a  '^contact  poison '^  was  evidently  quite 
unknown  at  that  time.) 

Winkler's  paper  of  1875  deals  firstly  with  the  imperfections  of 
the  Bohemian  process  and  the  attempts  at  making  it  generally 
accessible  by  reconverting  the  ferric  oxide  into  sulphate  by  means 
of  ordinary  sulphuric  acid  (comp.  p.  965),  which  do  not  remove 
the  principal  objections  to  that  process.  He  then  turns  to  the 
attempts  at  the  synthesis  of  SO3  from  SO^  and  O  by  contact- 
substances,  among  which  platinum  in  a  finely  divided  state  is  the 
most  eflScacious.  The  platinum  should  be  spread  over  as  great  a 
surface  as  possible,  and  so-called  platinized  asbestos  has  been 
especially  recommended  for  this  purpose.  [As  we  see,  Winkler 
does  not  claim  to  have  first  proposed  platinized  asbestos^  which 
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had  long  before  been  naed  by  JuUion,  Petrie,  and  Thornthwaite, 
p.  977.]  Pumice  or  porous  porcelain  are  much  less  eflBcacioua 
[comp.  below,  Winkler's  later  experience,  contrary  to  the  above]. 
The  action  o£  platinized  asbestos  is,  however,  very  different 
according  to  the  state  of  dilution  of  the  gases.  In  a  mixture  of 
pure  SO,  and  pure  0, 73'3  per  cent,  of  the  SOj  was  converted  into 
SOb,  in  a  mixture  of  pure  SO3  and  air  only  47"4  per  cent.,  and  ia 
a  gas  produced  by  burning  sulphur  in  air,  and  containing  4  or 
5  per  cent.  SOj,  only  11-5  per  cent.  Winkler  concluded  from 
this  that  the  action  of  contact-substances  is  diminished  by  the 
presence  of  inert  gases,  and,  as  a  matter  of  course,  an  excess  of 
sulphur  dioxide  or  oxygen  remains  indifferent,  and  therefore  acts 
as  a  diluent.  Hence  the  two  gases  should  be  employed  in  the 
eiact  stoechiometrical  proportion,  in  which  case  only  can  we 
expect  a  quantitative  conversion  of  SOj  into  SOg.  [The  above  is 
in  contradiction  to  the  law  of  the  action  of  masses,  which  was 
almost  unknown  to  chemists  at  that  time,  and  it  has  been  recog- 
nized as  erroneous  by  Winkler  himself  and  everybody  else :  comp. 
Deacon,  p.  981.] 

In  order  to  obtain  such  a  stoechiometrical  mixture  of  pure  SO, 
and  0,  without  diluent  gases,  in  the  exact  proportions,  Winkler 
proposes  to  make  use  of  the  well-known  fact  that  ordinary  con- 
centrated sulphuric  acid  ia  by  strong  heating  decomposed  into 
sulphur  dioxide,  oxygen,  and  aqueous  vapour;  the  latter  is  com- 
pletely condensed  and  removed  by  absorption  in  strong  sulphuric 
acid,  and  the  remaining  dry  mixture  of  SOj  and  O  exposed  to 
the  action  of  platinized  asbestos  at  a  low  red-heat  ("  gelindes 
Kothgliihen  ").  He  describes  a  laboratory  experiment  made  on 
those  lines,  in  which  93  per  cent,  of  the  strong  sulphuric  acid  was 
decomposed  and  78-4  per  cent,  of  the  decomposed  acid  (or 
73*7  per  cent,  of  the  total  acid  employed)  was  converted  into  SOj. 
On  this  be  founds  proposals  for  carrying  out  the  process  on  a 
large  scale  which  we  need  not  repeat,  as  that  process  soon  after  was 
recognized  as  too  expensive,  perhaps  first  of  all  (as  we  now  know) 
by  the  inventor  himself. 

(We  must  notice  here  that  the  yield  of  SO,  found  by  Winkler, 
although  it  seemed  encouraging  enough  at  a  time  when  only  the 
manufacture  of  fuming  acid  was  thought  of,  and  when  that  acid  cost 
many  times  as  much  as  ordinary  sulphuric  acid,  would  be  called 
at  the  present  time  much  too  low  even  to  pay  for  fuming  a;id. 
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Of  course  longer  practice  would  probably  have  led  to  a  somewhat 
better  yield,  but  we  now  know  from  theoretical  considerations  that 
the  maximum  yield  obtainable  from  SO^  requires  more  than  the 
stoechiometrical  proportion  of  oxygen  to  be  employed.) 

Winkler  also  mentions  the  possibility  of  the  contact  action  of 
platinum  being  destroyed  in  course  of  time ;  but  this,  he  aajs,  can 
be  caused  only  by  flue-dust  and  other  extraneous  impurities,  whicU 
are  excluded  in  hia  process  of  obtaining  the  gaseous  mixture  by 
decomposition  of  sulphuric  acid. 

A  little  later  (Dingl.  Journ.  1877,  ccxxiii.  p.  409)  Winkler  still 
defended  bin  process  against  the  objection  of  Debray,  according  to 
whom  the  decomposition  of  sulphuric  acid  requires  too  high  a 
temperature  and  causes  a  rapid  destruction  of  the  apparatus, 
whether  made  of  metal  or  earthenware  ;  but  very  soon  after,  as  we 
shall  see  later  on  from  his  own  statement,  he  must  have  convinced 
himself  that  Debray's  objections  were  only  too  well  founded. 

The  publication  of  Winkler's  paper  acted  upon  the  indiiatrial 
chemical  world  like  a  sorcerer's  wand  upon  pent-up  spirits.  The 
fatal  spell  hitherto  resting  upon  the  synthesis  of  sulphur  trioxide 
by  catalytic  action  seemed  to  be  broken;  the  relieving  word  seemed 
to  have  been  found,  which  explained  all  the  miscarriages  of  former 
inventors,  viz.  that  pure  sulphur  dioxide  and  pure  oxygen  should 
be  present  in  the  theoretical  proportion,  without  an  excess  of  either 
or  any  inert  gases ;  and  although  the  method  of  securing  this,  the 
splitting  up  of  sulphuric  acid,  was  evidently  an  expensive  one  and 
could  of  course  never  be  dreamt  of  for  the  manufacture  of 
ordinary  sulphuric  acid  itself,  this  did  not  debar  the  expectatioo 
that  the  new  process  would  break  the  monopoly  of  the  Bohemian 
works  for  that  expensive  article, /« mi n^  sulphuric  acid. 

In  Great  Britain  certainly  Squire's  patent  barred  the  way 
except  for  the  Arm  to  which  the  patent  belonged  ;  but  in  Oerman; 
the  road  was  free,  as  the  patent  law  for  the  German  £mpire  was 
only  introduced  in  the  following  year,  and  Winkler  had  not  taiien 
out  patents  for  the  single  German  states.  Any  number  of  chemists 
in  that  country,  where  the  sudden  expansion  of  the  coal-tar  colour 
industry  made  the  want  most  urgently  felt,  threw  themselves  upon 
this  promising  path.  It  is  curious  to  notice  that  precisely  the 
want  of  patent  protection  for  Winkler's  process,  much  as  it 
stimulated  the  efforts  of  other  chemists  in  one  way,  had  a  harmfiil 
effect  in  another  direction.     Just  because  no  patent  stood  in  the 
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way,  a  number  of  factories  epniDg  up  in  Germany  for  the  purpose 
of  carrying  out  Winkler's  process,  and  all  efforts  were  directed 
towards  overcoming  the  technical  difficulties  of  decomposing 
sulphuric  acid  iuto  SOj,  0,  and  HjO,  which  are  caused  by  the  very 
high  temperature  required  for  this  reaction,  and  the  immense 
corrosive  aetiou  of  the  substances  in  question  on  the  material  of 
the  apparatus.  It  took  much  time,  labour,  and  capital  before  it 
was  recognized,  both  that  this  part  of  the  process  was  much  too 
difficult  and  expensive  for  practical  purposes,  and  that  it  was  worse 
than  unnecessary  even  to  aim  at  producing  an  exact  mixture  of 
2  vols.  SOj  and  1  vol.  Oj.  If  other  chemists  had  been  compelled, 
by  the  existence  of  a  patent  for  Winkler's  process  of  1875,  to  turn 
their  attention  in  another  direction,  their  labours  would  have  been 
much  sooner  rewarded  with  success.  The  loss  of  time  and  trouble 
in  this  matter  is  very  strongly  expressed  by  Ostwald  (Zsch.  fiir 
Elektrochemie,  1902,  viii.  p.  154) ,  who  says  that  every  chemist  ac- 
quainted with  Guldbei^-Waage's  law  might,  a  quarter  of  a  century 
ago,  have  read  the  fallacy  of  Winkler's  reasoning  from  the  equation 
of  the  reaction.  But  it  is  only  just  to  Winkler  to  point  out  that 
in  1875  and  very  much  later  hardly  any  chemist,  scientific  or 
practical,  did  pay  attention  to  Guldberg-Waage's  law  in  his 
reasoning.  Winkler's  paper  notoriously  at  once  roused  quite  as 
much  attention  among  purely  scientific  as  among  practical 
chemists.  Probably  every  professor  of  chemistry  has  mentioned 
it  in  his  lectures  from  that  time  to  the  present,  and  most  of  them 
have  demonstrated  his  experiment  in  their  lectures.  Why  was 
Winkler's  reasoning  never  protested  against,  as  contrary  to  the 
above  law,  until  Knietsch  did  so  in  1901  ?  Nobody  can  blame 
Winkler  for  his  mistake  in  neglecting  that  law  in  1875,  a  mistake 
which  practically  every  professor  of  chemistry  has  committed  who 
has  quoted  his  work  without  criticism,  as  they  all  did  until  the 
most  recent  times.  Winkler  indeed  was  quite  in  the  right  when 
trying  to  exclude  nitrogen  as  an  iojuriouK  diluent,  and  he  erred 
only  in  considering  any  oxygen  present  over  and  above  the 
stoechiometrical  proportions  as  an  equally  injurious  diluent. 

One  of  the  first  who  recognized  the  fact  that  the  preparation  of 
a  mixture  of  exactly  2  vols,  SOj  and  1  vol.  Oj,  without  any  other 
gases,  was  unnecessary,  and,  as  we  now  know,  not  even  suitable 
for  the  purpose  in  question,  was  "W^inkler  himself,  as  we  shall  see 
later  on ;  but  this  remained  a  profound  secret  for  many  years,  up 
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to  1900,  and  during  the  first  few  years  after  1875  the  original 
Winkler  process,  based  on  the  decomposition  of  sulphuric  acid  into 
SO2,  O,  and  H2O  at  a  very  high  temperature*,  ruled  the  exertions 
of  most  or  all  German  chemists.  A  number  of  factories  founded 
upon  that  process  soon  sprang  up,  as  there  was  an  enormous 
margin  between  the  cost  price  of  fuming  O.  V.  and  its  selling  price 
at  that  time  (28.  6d.  per  kilogram  of  SOg  contained  in  fuming 
O.V.).     The  monopoly  of  the  Bohemian  works  was  thus  broken. 

I  cannot  ascertain  when  the  first  fuming  acid  made  by  synthesis 
at  the  Silvertown  works  came  into  the  market.  In  Germany  this 
was  undoubtedly  the  acid  made  by  Dr.  Adolph  Clemm  in  1877,  as 
mentioned  p.  969,  by  the  bisulphate  method.  Soon  after  followed 
Dr.  Emil  Jacob  in  Kreuznach,  who  apparently  worked  first  by 
Winkler's  method,  but  later  on  with  gases  from  burning  brimstone. 

An  authentic  report  respecting  the  work  carried  on  in  secrecy 
at  Freiberg,  from  1877  onwards,  will  be  found  later  on. 

From  communications  by  Dr.  Emil  Jacob,  and  original  docu- 
ments submitted  by  him,  it  appears  that  he  supplied  large  quan- 
tities of  43  per  cent,  fuming  acid  to  the  Hochst  works  in  1879. 
In  1 880  the  yield  of  such  acid,  starting  with  strong  sulphuric  acid 
(66°  B.),  was  61-9  per  cent.,  in  1882  already  704  per  cent.  The 
following  is  a  cost  sheet  for  four  months,  commencing  Jan.  1, 
1882:— 

Alsiirks. 

258,408  kil.  acid  66°  B ,..     22,988 

32  truckloads  coal 4,000 

Wages !.       3,600 

Repairs  and  replacing  apparatus 2,800 

Amortization  10  per  cent,  on  24,000  Marks  (cost  of  plant)  800 

Cost  of  181,990  kil.  fuming  acid   (43  per  cent.  SOg) 

(without  packages)     34,188 

Selling  price  of  same 67,340 

Besides  43  tons  weak  acid  27°  B. 

•  In  Gennany  the  expression  **  Winkler's  process  "  is  frequently,  but  alto- 
gether erroneously,  applied  to  the  production  of  sulphuric  anhydride  by  platinum 
catalysis  generally.  Evidently  that  expression  should  be  confined  to  that 
modification  of  the  catalytic  process  which  is  mentioned  in  the  text,  as  published 
by  Winkler  in  1875,  and  simultaneously  and  independently  invented  by  Squire 
and  MesseL 
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Od  August  17,  1882,  Dr.  Jacob  sold  his  process,  which  was  at 
that  time  the  same  as  the  Winkler  process  of  1875,  to  Messrs. 
Jleiater,  Lucius,  &  Briining,  who  forthwith  introduced  it  at  their 
Hochst  works.  But  in  1886  he  started  working  with  pyrites- 
gases,  and  in  1887  with  brimstone-gases  which  answered  very  well. 

About  that  time  the  Ludwigshafen  factory  commenced  work, 
but  the  precise  time  does  not  appear  clearly  firom  the  statements 
o£  Knietsch  {Berichte,  1901,  p.  1477). 

At  nearly  the  same  time  the  Tbann  Chemical  Works,  in  Alsace, 
proceeded  on  other  lines.  The  following  communications  as  to 
their  hitherto  entirely  unknown  doings  are  due  to  the  kindness  of 
M.  Meunier-Dollfus,  the  surviving  partner.  In  September  1878 
the  above  firm  made  a  contract  with  the  firm  of  Chapman, 
Messel,  &  Co.,  of  London  and  Silvertown,  for  the  purchase  of  the 
process  patented  by  W.  Squire  in  1875  and  following  years, 
founded  (like  Winkler's  process)  on  the  decomposition  of  strong 
sulphuric  acid  by  heat.  While  the  preliminary  researches  were  going 
on  for  adapting  and  installing  that  process  atThann,  Mr.  Squire, 
who  had  in  the  meantime  severed  his  connection  with  the  London 
firm,  offered  to  the  senior  partner  of  the  Thann  firm,  M.  Scheurer- 
Kestner,  a  new  process  invented  by  biro,  as  being  greatly  superior 
to  the  process  then  at  work  at  Silvertown.  It  was  resolved,  in 
accordance  with  the  London  firm,  to  study  the  new  process  and 
to  introduce  it  at  the  Tbann  works  as  soon  as  possible.  These 
studies  commenced  in  April  1879,  and  after  gradually  overcoming 
manifold  difificnlties,  they  led  to  a  very  satisfactory  solution  of 
the  problem.  Sicilian  sulphur  was  burnt  as  usual  and  the  gases 
were  treated  with  water  in  a  column  apparatus  under  a  pressure 
of  four  atmospheres.  The  SOj  was  espelled  by  steam  from  the 
solution  thus  obtained,  then  miied  with  the  theoretical  quantity  of 
air  and  passed  over  heated  platinum  asbestos.  The  SOg  formed 
was  absorbed  in  towers  by  concentrated  sulphuric  acid,  and  fuming 
acid  of  40  per  cent.  SOj  was  thus  obtained.  The  exit-gases,  still 
containing  SO™,  were  passed  back  into  the  process.  The  daily 
make  was  30  cwt.  SOj,  and  the  yield  90  per  cent,  of  the  theoretical. 
At  the  beginning  of  1881  this  process  was  in  regular  working 
order  at  Thann,  and  it  was  subsequently  also  introduced  at 
Ludwigshafen. 

Except  what  I  am  enabled  to  quote  from  M,  Meunier's  com- 
munication, nothing  else  is  known  about  the  work  done  at  the 
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Silvertown  works  since  1876,  which  have  certainly  been  producers 
of  fuming  sulphuric  acid  ever  since  that  time. 

The  firm  of  J.  D.  Starck,  when  it  saw  its  monopoly  broken 
through  in  the  manner  described,  combined  with  the  works  at 
Mannheim,  Kreuznach,  Hochst,  and  Thann  for  keeping  up  the 
prices  of  fuming  O.V.,  and  this  agreement  lasted  until  the 
Badische  Fabrik  came  into  the  market  with  such  large  quantities 
that  the  ''  combine  ^'  gradually  dissolved. 

The  further  history  of  the  manufacture  of  sulphuric  anhydride 
by  the  contact-process  up  to  1900  was  enveloped  in  great 
mystery,  but  sparely  enlightened  by  the  patents  taken  out  in 
the  meantime,  and  by  a  very  few  glimpses  from  the  practical 
experiments  carried  on  at  various  German  factories.  These  ex- 
periments were  surrounded  with  all  the  more  secrecy,  as  there 
seemed  to  be  so  little  groimd  upon  which  patents  could  be  based 
^ter  the  great  number  of  previous  publications  on  the  subject  of 
contact-processes.  This  period  lasted  till  the  publication  of  the 
first  patents  of  the  Badische  Fabrik,  which  usher  in  a  new  epoch. 
What  has  been  done  in  the  meantime  is  now,  to  a  great  extent, 
cleared  up  by  the  publications  of  Winkler  (in  1900),  of  Knietsch 
(1901),  and  by  the  special  communications  which  I  am  enabled 
to  give  later  on.  First,  however,  we  shall  follow  up  what  can  be 
gleaned  from  the  patents  and  a  few  other  notes  during  the  period 
following  the  publication  of  Winkler's  first  paper. 

As  previously  stated^  the  first  years  of  that  period  were  mainlj 
spent  in  attempts  to  carry  out  Winkler's  process  on  the  large 
scale.  The  abandonment  of  this  process  was  caused  by  the  diffi- 
culties mentioned  by  Debray  (p.  986),  especially  during  the  de- 
composition of  the  sulphuric  acid.  The  greatest  difficulty  in 
Winkler's  process  for  manufacturing  fuming  oil  of  vitriol  or 
anhydride,  and  in  all  other  processes  started  in  consequence 
of  the  impetus  given  by  him,  is  indeed  the  material  of  the 
vessels  to  be  employed.  Wallace,  in  his  patent  of  May  30,  1876 
proposed  to  employ  glazed  plumbago  retorts.  Some  factories 
seem  to  have  employed  platinum  vessels,  which  are,  however, 
strongly  acted  upon,  as  was  shown  by  Scheurer-Kestner  (see 
above) .  The  extent  of  this  action  partly  depends  upon  the  amount 
of  arsenic  and  nitrous  acid  contained  in  the  sulphuric  acid  (comp. 
Wagner's  ^  Jahresbericht,'  1877,  p.  238),  partly  also  upon  the 
special  construction  of  the  apparatus.     According  to  communica- 
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tions  received  direct  by  me  from  Dr.  Majert,  tbe  apparatus  employed 
by  bim  at  tbe  Scblebuscb  works,  near  Cologne,  was  arranged  as 
follows  (comp.  also  his  Ii'rench  patent  No.  122,130,  of  Jan.  16, 
1878] : — Tbe  decomposition  of  sulpburic  acid  into  SO,,  O,  and 
HjO  was  effected  in  upright  retorts  made  of  a  mixture  of  3  parts 
burnt  fire-clay  hrolcen  to  the  size  of  a  pea,  and  1  part  best  Belgian 
fire-clay,  and  glazed  with  a  mass  which  at  tbe  highest  temperature 
of  tbe  process  becomes  pasty  but  not  liquid,  so  that  any  cracks 
occurring  in  the  retort  become  filled  with  the  glaze.  The  retorts 
were  perpendicular,  entirely  surrounded  by  the  fire,  and  closed  at 
top  and  bottom  by  hydraulic  joints.  The  top  joint  served  for  intro- 
ducing the  pipe  conveying  the  acid  to  be  decomposed,  tbe  bottom 
joint  for  making  the  sides  oE  tbe  retort  tight  in  tbe  fixed  bottom, 
which  is  perforated  by  tbe  pipe  which  carries  off  the  gases.  Both 
tbe  "hydraulic"  joints,  which  were  entirely  surrounded  by  the 
fire,  were  luted  with  melted  glass.  Within  the  first  retort  there 
was  a  cylinder,  into  which  the  vitriol  flowed  from  a  small  platinum 
tube,  BO  as  not  to  touch  tbe  sides  of  the  retort  at  all.  It  was  thus 
evaporated  within  the  inner  cylinder,  and  partly  decomposed  there, 
partly  in  the  annular  space  between  the  cylinder  and  the  retort, 
and  completely  in  the  second  retort.  The  vapour  and  gases  were 
conveyed  from  the  first  to  the  second  retort  by  a  twice-bent  tube, 
which  passed  through  tbe  bottoms  of  both  retorts,  and  wliose 
horizontal  part  was  surrounded  by  the  flame  of  tbe  fireplace.  The 
gases  passed  away  from  the  top  of  the  second  retort  into  a  con. 
denser  for  liquefying  most  of  tbe  water,  then  into  a  drying-tower, 
and  at  last  into  the  apparatus  for  uniting  SOi  and  O,  consisting 
of  cast-iron  retorts  filled  with  wire-gauze  shelves,  upon  which  the 
platinized  asbestos  was  spread.  (This  factory  has  not  been  at 
work  for  a  long  time.) 

Angerstein  (G.  P.  26,959,  Sept.  14,  1883)  describes  a  special 
apparatus  for  decomposing  the  sulphuric  acid,  which  is  supplied 
from  below,  is  evaporated  in  a  shallow  platinum  dish,  and  decom- 
posed in  fire-clay  pipes  filled  with  broken  fire-bricks,  and  heated 
outside  to  a  very  high  temperature  by  tbe  combustion  of  gaseous 
fuel  under  pressure. 

According  to  a  German  patent  of  Squire's  (No,  4285,  March  3, 
1878),  strong  vitriol  is  introduced  into  a  red-bot  tower  packed 
with  hollow  bricks  and  previously  filled  with  dry  steam.  The 
vitriol  is  in  the  form  of  a  mist,  produced  by  a  compressed  gaseoua 
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mixture  of  sulphurous  acid  and  oxygen.  The  products  of  decom- 
position are  conveyed  in  a  horizontal  closed  channel  through  a 
lead  pan  filled  with  dilute  sulphuric  acid,  where  the  water  is  con- 
densed by  coolings  whilst  the  heat  of  the  gases  concentrates  the 
sulphuric  acid  contained  in  the  pan  and  frees  it  from  sulphurous 
acid.  A  further  condensation  takes  place  in  cooling-pipes ;  and 
ultimately  the  gases  are  dried  in  a  coke-tower  by  means  of  strong 
sulphuric  acid,  which  is  again  concentrated  and  freed  from  SOs  in 
the  lead  pan  just  mentioned.  The  dry  mixture  of  SO2  and  O  is 
combined  into  SOg  in  a  specially  heated  apparatus  made  of  cast  iron 
outside  and  brickwork  inside,  fitted  with  a  pyrometer,  where  it  is 
brought  into  contact  with  platinized  asbestos,  being  forced  to 
travel  a  circuitous  path  between  courses  of  bricks.  The  vapour  of 
anhydride  is  absorbed  by  strongest  vitriol  in  a  cast-iron  tower, 
fitted  with  dishes  of  a  peculiar  shape,  placed  one  over  another. 
(The  specification  gives  further  details  and  diagrams  of  the 
apparatus.) 

After  a  few  years  the  decomposition  of  sulphuric  acid  by  heat, 
for  the  purpose  of  obtaining  a  suitable  mixture  of  SO^  and  0, 
was  given  up  everywhere,  owing  to  the  great  expense  of  the 
process  and  the  extreme  wear  and  tear  of  the  apparatus.  Bnt 
the  belief,  that  the  gases  should  be  combined  in  stoechiometrical 
proportions  and  as  little  as  possible  diluted  with  inert  gases^  was 
still  prevalent  and  led  to  a  number  of  attempts  at  producing  the 
same  effect  in  a  cheaper  and  more  practicable  way  than  that  indi- 
cated by  Winkler  and  by  Squire  and  Messel  in  1875.  Those 
proposals  which  have  been  made  public  are  the  following  : — 

J.  Neale  (English  patent  No.  1103  of  March  14th,  1876)  heats 
anhydrous  sulphates  or  bisulphates  of  iron,  zinc,  aluminium,  or 
sodium  in  earthenware  retorts  or  muffles,  and  conducts  the  mixture 
of  sulphurous  acid  and  oxygen  formed  by  their  decomposition 
over  heated  spongy  platinum,  or  the  oxides  of  chromium,  iron,  or 
copper,  or  any  other  substance  which  may  cause  the  mixture  to 
combine  into  sulphuric  anhydride.  The  latter  is  then  condensed 
by  itself  or  utilized  for  fuming  oil  of  vitriol  by  receiving  it  into 
ordinary  strong  sulphuric  acid. 

Scheurer-Kestner  (Compt.  Rend.  xcix.  p.  876)  asserts  that  on 
heating  a  mixture  of  2  parts  of  anhydrous  calcium  or  magnesium 
sulphate  with  1  part  of  ferric  oxide  to  a  bright  red-heat,  all  the 
sulphuric  anhydride  is  driven  off,  at  first  as  such,  afterwards 
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decomposed  into  SO,  and  O.  By  mixing  176  parts  of  gypsum 
with  100  of  fluorspar  and  ferric  oxide,  the  decomposition  takes 
place  at  a  lower  temperature  (that  of  the  Bunsen  bnmer)  and  the 
SO)  is  then  not  di8sociate<l  into  SOj  and  O. 

To  avoid  the  dilution  of  sulphur  dioxide  with  escess  of  air  and 
of  nitrogen,  unavoidable  when  hurning  sulphur  or  pyrites,  and 
which  at  that  time  was  still  considered  very  injurious  for  contact- 
action,  Schroeder  and  Haenisch  proposed  to  employ  tlie  pure  SOj 
obtained  by  their  process  in  a  somewhat  costly  manner  (p.  381). 
The  application  of  this  to  the  manufacture  of  SOj  forms  the 
subject  of  their  E.  P.  9188,  1887. 

A  mixture  of  pure  sulphnr  dioxide  and  air  in  a  certain  fixed 
proportion  is  passed  at  a  low  red-heat,  and  tinder  pressure,  over 
platinized  asbestos,  whereby  a  large  surface  and  a  lengthened 
duration  of  contact  are  ensured  to  the  gases.  The  pressure  also 
promotes  chemical  reaction  hy  bringing  nearer  together  the  active 
gas-molecules.  A  gas-mixture  consisting  of  25  per  cent.  SO,  and 
75  per  cent,  air  is  moat  suitable  for  the  process  ;  the  mixing  of  the 
gases  simultaneously  with  their  compression  is  effected  by  a  double 
cylinder  compressor,  the  two  cylinders  of  which  have  a  cross- 
sectional  area  in  the  proportion  of  1  :  3>  so  that  one  cylinder  pumps 
three  times  as  much  air  as  the  other  pumps  sulphurous  anhydride. 
The  compressed  gases  meet  in  the  conducting-tnhe  and  pass  into 
an  air-chamber,  and  thence  into  the  combining-apparatus.  This 
consists  of  two  horizontal  wrought-iron  tubes,  set  in  a  furnace,  of 
somewhat  narrow  diameter  and  strong  walls,  sufficient  to  stand  a 
pressure  of  several  atmospheres  at  a  dark  red-heat ;  they  are  filled 
with  platinized  asbestos  prepared  in  a  special  manner.  The 
pressure  (usually  2  to  3  atmospheres)  is  regulated  by  a  valve  at 
the  common  exit-tube.  Here  most  of  the  SO,  is  converted  into 
SOj ;  and  leat  this  should  deposit  in  a  solid  form  in  the  tubes  or  in 
the  valve,  the  parts  projecting  from  the  furnace  are  surrounded 
by  a  leaden  steam-coil.  If,  in  spite  of  this,  there  should  be  some 
obstruction  by  the  crystallization  of  SOg,  the  pressure  in  the  air- 
chamber  will  raise  a  valve,  weighted  about  1  atmosphere,  above 
the  exit-valve.  From  the  latter  the  remaining  gases  pass  through 
cundensing-jars,  where  the  SO(  deposits  in  the  solid  form  or  is 
retained  by  strong  sulphuric  acid.  The  SO,  still  present  is 
separated  from  the  nitrogen  by  water  and  used  over  again.  This 
process  was  carried  out  in  one  or  two  places  and  worked  quite  well, 
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until  the  development  of  the  processes  dealing  with  pyrites-kiln 
gases  made  it  unprofitable  (comp.  Dr.  Schroeder^s  communication 
to  myself  later  on). 

The  task  was  also  approved  from  the  other  side^  viz.  excluding 
the  nitrogen  of  atmospheric  air.  This  was  first  proposed  by  Messel 
(E.  P.  No.  186,  Jan.  15,  1878).  He  prescribes  burning  sulphur 
by  means  of  oxygen,  obtained  by  the  electrolysis  of  acidulated 
water  with  the  help  of  dynamo-electrical  machines.  The  sulphur 
dioxide  formed,  mixed  with  the  excess  of  oxygen  required  for 
forming  SO^,  is  conveyed  into  a  gas-holder,  from  which  the  gases 
are  carried  at  a  high  temperature  over  spongy  platinum,  platinized 
asbestos,  oxide  of  chromium,  iron,  or  copper.  The  anhydride 
formed  is  condensed  by  itself  or  absorbed  in  sulphuric  acid. 
By  employing  two  gas-holders  the  process  is  made  continuous. 
The  electrolytical  hydrogen  formed  at  the  same  time  is  employed 
for  heating,  or  it  is  carburetted  and  employed  for  lighting. 
This  process  must  have  been  too  expensive,  owing  to  the  cost  of 
electrolytically-made  oxygen.  When  that  gas  became  a  cheap 
commodity  through  the  development  of  Brin's  processes,  I  myself 
(Ellice-Clark^s  patent.  No.  3166,  1888)  proposed  utilizing  such 
oxygen  in  a  similar  manner,  in  such  a  way  that  no  external  heat 
should  be  required,  and  there  should  be  no  waste  gases  of  any  sort. 
I  abstain  from  giving  a  detailed  description  or  drawing  of  the  appa- 
ratus proposed  by  me,  as  it  is  now  certain  that  the  admixture  of 
nitrogen  does  not,  as  formerly  assumed,  prevent  a  complete  oxidation 
of  SOs,  provided  the  contact-substance  is  sufficiently  active ;  this 
circumstance  deprives  the  pure  oxygen  of  its  advantages  in  com- 
parison with  atmospheric  air. 

The  task  of  manufacturing  sulphuric  anhydride  in  a  sufficiently 
cheap  manner  could  not  be  regarded  as  solved  until  it  had  been 
proved  that  gases  from  sulphur -burner 8,  or,  still  better,  from 
pyrites-  or  blende- burners,  could  be  employed  for  this  purpose. 

Clemens  Winkler  himself  speedily  recognized  this  when  trying 
to  carry  out  his  process  on  the  large  scale :  he  had  already,  about 
1877,  suggested  the  employment  of  pyrites-burner  gases,  as 
mentioned  by  him  in  1900  (Zsch.  angew.  Ch.  1900,  p.  738; 
comp.  a  previous  notice  by  myself,  ibid.  p.  80);  but  this  sug- 
gestion, as  well  as  its  practical  pursuit  and  the  partial  success 
ultimately  obtained  in  this  direction,  remained  an  absolute  secret 
of  the  factories  at  Freiberg  and  Stolberg.  We  shall  refer  to  this 
subject  more  in  detail  later  on. 
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In  his  paper  of  1900,  Winkler  mentions  the  great  difficulties 
which  had  to  be  overcome  in  purifying  the  gases  from  flue-dust^ 
in  order  to  preserve  the  action  of  the  catalytic  substance.  These 
difficulties  were^  according  to  his  statement^  avoided  by  Jacob, 
of  Kreuznach^  through  the  employment  of  gases  from  burning 
brimstone  (comp.  p.  988) . 

A  French  patent^  not  mentioned  anywhere  in  the  published 
literature,  was  taken  out  by  Lange  and  Gopner  (No.  123^906,  on 
April  16,  1878),  for  treating  ordinary  pyrites-kiln  gas  (of  whose 
purification  nothing  is  said)  by  red-hot  pyrites-cinders,  or  platinum 
sponge,  or  analogous  substances  in  tubes  made  of  graphite,  cast- 
iron,  and  the  like,  in  order  to  produce  sulphuric  anhydride  or  fuming 
O.V.  No  details  are  given  respecting  the  apparatus  or  method, 
and  such  a  general  claim  would  of  course  have  been  quite  untenable. 
No  English  or  German  patent  exists  for  this  ''invention.^' 

In  1878  Messel  took  out  provisional  protection  (No.  1201)  for 
making  monohydrated  sulphuric  acid  by  means  of  SO3  produced 
by  catalytic  action  from  the  gases  of  burning  sulphur.  This  patent 
was  not  completed. 

The  first  mention  of  employing  ordinary  pyrites-burner  gases 
which  I  can  find  in  the  printed  literature  since  1875  is  the  following, 
much  later  than  (as  we  now  know)  the  actual  work  secretly  done 
in  that  line  at  several  factories. 

Rath  (G.  P.  22,118  of  1883)  passes  pyrites-burner  gases,  to 
free  them  from  most  of  the  water,  through  a  cooling-apparatus, 
consisting  of  a  large  number  of  perpendicular  lead  pipes  placed 
in  cold  water,  at  a  velocity  not  exceeding  5  inches  per  second. 
Air  may  be  admitted  to  them  by  means  of  a  valve.  From  the 
cooler  the  gases  pass  through  a  coke-tower  fed  with  acid  of  140° 
Tw.  In  order  to  be  thoroughly  dried  here,  the  velocity  of  the 
gaseous  current  should  not  exceed  2^  inches.  From  here  the  gases 
are  aspirated  by  a  pump  and  forced  through  a  number  of  iron 
retorts,  lined  with  clay,  which  contain  the  contact-substance,  and 
are  heated  to  a  temperature  between  dark  and  bright  red-heat.  The 
number  and  size  of  these  retorts  must  be  chosen  in  such  a  manner 
that  the  velocity  of  the  gases  does  not  exceed  2^  inches.  The 
sulphuric  anhydride  formed  here  is  either  condensed  in  the  liquid 
form  in  tin-plate  vessels  standing  in  a  place  heated  to  25°  to  30°, 
or  else  it  is  passed  into  cast-iron  vessels  charged  with  sulphuric 
hydrate  and  kept  at  25°.     Special  precautious  are  required  for 
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gases  containing  carbon  monoxide  or  hydrocarbons.  According 
to  Enietsch  (Ber.  1901,  p.  4078)  nothing  is  known  as  to  the 
practical  success  of  the  above  process. 

The  later  history  of  this  part  of  our  subject  is  contained  in  the 
various  communications  given  below  from  the  firms  now  working 
on  the  large  scale. 


Theory  of  the  Contact-Processes  for  the  Manufacture  of 

Sulphuric  Anhydride. 

We  have  now  passed  in  review  the  former  stages  through  wliich 
the  contact-processes  in  our  field  have  gone.  Before  proceeding 
to  describe  the  present  state  of  this  industry,  we  shall  interpose  a 
discussion  respecting  the  theoretical  side  of  this  problem. 

We  have  before  (p.  974)  briefly  referred  to  the  very  uncertain 
views  of  Berzelius  on  contact  or  catalytic  action,  and  to  the  ideas 
concerning  a  particular  class  of  such  action  which  for  a  long  time 
were  universally  accepted,  which,  however,  do  not  embrace  the 
whole  field  of  catalytic  actions,  but  mainly  those  where  solid 
porous  bodies  come  into  'question,  which  would  certainly  apply  to 
our  present  case.  But  even  for  this  the  explanation,  according 
to  which  those  reactions  are  caused  by  the  condensation  of 
gases  within  the  pores  and  the  greater  mutual  attraction  of  their 
molecules  under  this  condition,  is  not  at  present  held  to  be 
correct  or  at  least  not  sufficient. 

Liebig  attempted  to  explain  catalysis  in  this  way :  that  a  sub- 
stance (the  catalyzer)  whose  molecules  possess  a  "chemical  motion'^ 
may  impart'  that  motion  to  another  substance  present  and  may 
thus  cause  a  chemical  reaction  which  that  substance  would  not 
have  undergone  without  the  presence  of  the  catalyzer.  This 
"explanation'^  is  certainly  quite  hypothetical  and  incapable  of 
direct  proof;  it  did  not  in  reality  make  the  matter  clearer,  nor 
could  it  assist  in  discovering  new  facts,  which  is  the  real  test  of  a 
"  working  hypothesis  '' ;  but  Ostwald  is  hardly  just  in  saying  that 
Liebig  thereby  retarded  the  investigation  of  the  problem  of  catalysis 
by  half  a  century.  It  is  a  fact  that  Liebig^s  explanation  was  never 
anything  like  generally  acknowledged  among  chemists  as  a  true 
solution  of  the  problem,  and  it  could  not  therefore  retard  the 
progress  of  science. 

Liebig's  explanation  of  catalysis,  so  far  as  it  went,  applied  more 
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to  the  phenomena  of  catalysis  among  liquids  than  to  those  which 
interest  us  in  this  place^  and  we  will  not  detain  ourselves  with  it. 

A  somewhat  clearer  explanation  of  catalytic  actions  has  been 
given  by  Bunsen^  in  his  'Gasometrische  Methoden/  Ist  ed.  p.  267. 
Chemical  combinations  are  not  dependent  entirely  upon  the  mutual 
attraction  of  the  substances  entering  into  combination^  but  also 
upon  the  attraction  of  other  substances  which  are  present,  but  do 
not  take  part  in  the  combination;  in  other  words,  these  com- 
binations are  the  resultant  of  the  attracting  forces  exerted  by 
all  the  molecules  present  in  the  sphere  of  the  chemical  action, 
whether  these  molecules  take  part  in  the  combination  or  not.  For 
instance,  the  elements  composing  hydrogen  peroxide  are  capable 
of  uniting  in  the  attraction  sphere  of  water  molecules,  but  not 
in  that  of  metallic  oxides  or  of  platinum.  Thus  there  is  some 
analogy  of  catalytic  action  with  that  of  masses,  as  has  been  pointed 
out  elsewhere. 

Bunsen's  theory  probably  contains  elements  of  truth,  but  is 
hardly  of  a  kind  to  help  us  understand  the  special  cases  under 
consideration.  We  may  pass  over  several  other  physical  or 
mechanical  theories  of  catalysis  (comp.  Fehling's  Handworterb.  der 
Chem.  iii.  p.  945)  and  turn  to  the  chemical  theory  of  catalysis. 

Ostwald  ('  Grundriss  der  allgemeinen  Chemie/  3rd  edit.  p.  515) 
explains  a  catalyzer  as  a  substance  which,  without  appearing  among 
the  final  products  of  a  reaction,  alters  its  velocity.  He  has  (comp. 
p.  773)  applied  this  even  to  the  manufacture  of  sulphuric  acid  by 
the  vitriol-chamber  process.  He  says :  ^'  sulphur  dioxide  is  oxidized 
by  air  and  water  alone  to  sulphuric  acid,  but  very  slowly;  the 
presence  of  nitrogen  oxides  merely  hastens  this  process .''  Nobody 
will  or  can  deny  this,  but  Ostwald^  as  we  have  seen  (p.  774!),  seems 
to  go  too  far  in  neglecting  the  importance  of  the  intermediate 
reactions  as  if  they  were  unessential  and  accidental.  Quite  the 
contrary,  the  investigation  of  these  intermediate  reactions  seems 
to  be  a  step  towards  a  real  explanation  of  the  otherwise  enigmatic 
"change  of  velocity''  of  the  reaction  in  question. 

Evidently  even  in  the  case  of  platinum  as  a  catalyzer,  one  of  the 
simplest  cases  of  catalytic  action,  the  formula  of  Ostwald  is  too 
simple  and  cuts  the  knot  instead  of  untying  it. 

This  seems  to  be  confirmed  by  the  behaviour  of  another  catalytic 
substance  which  comes  into  play  in  this  our  present  subject,  viz. 
ferric  oxide.    This  agent  may  be  taken  as  playing  an  intermediate 
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part  between  the  action  of  platinum  and  that  of  the  nitrc^en 
oxides.  It  is  a  solid  substance  of  porous  nature,  not  known  to  be 
particularly  active  in  condensing  gases  by  its  physical  character 
(let  alone  liquids !),  and  it  acts  only  at  a  high  temperature  on 
a  mixture  of  S02  +  0^  similarly  to  platinum.  But,  on  the  other 
hand,  it  does  form  a  compound  with  the  product  of  the  reaction  ; 
this  compound,  Fcj  (804)2,  exists  as  such  at  comparatively  high 
temperatures,  viz.  just  below  a  dark  red-heat,  and  decomposes 
again  into  Fe^Os  and  3  SOg  at  a  temperature  not  far  removed  from 
that  which  has  been  observed  as  the  optimum  for  the  "  catalytic^' 
action  of  ferric  oxide.  Here  the  explanation  of  the  catalytic 
action  seems  to  be  this  :  by  the  interaction  of  FcjOg,  O,  and  SO2, 
many  molecules  of  Fe^  (804)3  are  formed,  but  as  the  temperature 
at  which  this  compound  is  split  up  into  Fe^Oa  and  3  808  is  ^ery 
nearly  the  same  as  that  at  which  it  has  been  formed,  that  splitting 
up  actually  takes  place,  808  ^^  removed  in  the  state  of  vapour,  and 
Fe203  is  again  at  disposal  for  combining  with  80^  and  O.  This 
explanation  deals  with  reactions  and  substances  actually  and  easily 
observed,  and  we  have  a  right  to  assume  that  it  certainly  does  come 
into  play,  a  state  of  equilibrium  being  established  for  each  tempera- 
ture, in  which  a  certain  number  of  molecules  of  Fe^  (804)3  ^^^ 
formed  and  others  are  split  up  into  Fe208  and  3  808.  -^^  ^^^ 
same  time  another  set  of  reactions  is  possible  and  indeed  quite  as 
probable  to  take  place,  although  the  conditions  of  equilibrium  may 
here  lead  to  a  different  optimum  of  temperature.  These  are  the 
reactions :  (1)  3  Fe808  +  SO^  =  2  Fe304  +  808,  aiid  (2)  2  Fefi^  +  0 

=  3  FeA. 

Precisely  in  the  same  way  the  catalytic  functions  of  chromium 
oxide,  of  cupric  oxide,  sulphate,  or  dioxide,  and  all  other  substances 
can  be  explained  which  are  subject  to  easy  changes  of  valency  and 
therefore  form  two  or  more  sets  of  compounds  with  oxygen,  chlorine, 
or  acid  radicles. 

A  very  interesting  paper  by  Manchot  and  Wilhelms  (Berl.  Ber. 
1901,  p.  2479)  shows  that  the  catalytic  action  of  the  salts  of  iron  may 
be  due  to  the  intermediate  formation  of  a  peroxide,  FeO^ ;  but  as 
their  work  extended  only  to  reactions  in  the  wet  way,  we  cannot 
take  it  into  account  for  our  present  purpose. 

Most  or  all  chemists  have  recognized  the  just  mentioned  inter- 
mediate reactions  (comp.,  e.  ^.,  Woehler  and  Mahla,  p.  978)-,  but  the 
majority  of  chemists  preferred  to  consider  the  action  of  platinum^ 
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which  is  so  manifestly  aided  by  its  division  over  great  surfaces^  as 
different  from  the  former  class  of  processes.  Platinum  was 
generally  regarded  as  having  no  affinity  for  oxygen  at  the  tempera- 
ture of  the  reaction^  and  as  acting  merely  by  condensing  gaseous 
bodies  in  its  pores.  But  there  were  always  chemists  who  believed 
in  the  transitory  formation  of  platinum  oxides^  and  Engler  and 
Woehler  (Zsch.  anorg.  Ch.  xxix.  p.  1)  have  definitely  proved  that 
a  platinum  peroxide  exists  in  platinum  black,  which  acts  as 
an  oxygen  carrier,  so  that  they  class  all  platinum  catalysis  as 
'^  pseudo-catalytic '' — that  is,  as  brought  about  by  intermediate 
reactions  which  go  on  much  'more  quickly  than  the  direct  action. 
We  may  take  it  as  probable  that  ultimately  most,  if  not  all, 
"catalytic*'  processes  will  be  recognized  as  "pseudo-catalytic'' 
in  that  sense. 

Already  before  these  publications,  Haber  and  Grinberg  (Zsch. 
anorg.Ch.  xviii.  p.39;  Zsch.  f.  physik.  Ch.  xxxiv.p.  515)  and  Bredig 
{ibid.  xxxi.  pp.  294,  346,  and  ^  Anorganische  Fermente,'  1901, 
p.  942,  with  his  cooperators  Miiller  von  Bemeck,  Ikeda,  and 
Ernst)  had  pointed  out  that  in  platinum  catalysis  the  first  phase  is 
the  formation  of  a  platinum  oxide  (otherwise  shown  to  probably  exist 
by  the  experiments  of  Mond,  Ramsay,  and  Shields,  Zsch.  physik. 
Ch.  XXV.  p.  685),  which  is  reduced  in  the  second  phase,  e.  ff,  by 
HjOs,  with  evolution  of  oxygen. 

Brode  (Zsch.  f.  physik.  Chemie,  xxxvii.  p.  257)  has,  in  the  case 
of  molybdenum  and  tungsten  compounds  as  oxygen  carriers, 
shown  the  quantitative  kinetic  working  of  the  intermediate  reac- 
tions in  catalysis. 

We  now  pass  on  to  the  special  processes  going  on  when  sulphur 
dioxide  and  oxygen  are  made  to  combine  by  contact-action.  Here. 
we  enter  upon  the  experimental  field.  We  have  quoted  (p.  985) 
Winkler's  trials  of  1875,  in  which  he  succeeded  in  recombining 
78  per  cent,  of  the  mixture  of  SO2  and  O,  obtained  by  decomposing 
HsS04  by  strong  heat.  No  higher  figures  of  yield  are  recorded 
anywhere  else  for  Winkler's  process  in  literature ;  although  it  was 
undoubtedly  repeated  hundreds  of  times  on  the  small  aud  also 
on  the  large  scale,  nothing  was  published  about  it  till  we  come 
to  the  work  of  Knietsch.  We  do  not  therefore  know  what  are  the 
best  results  obtainable  with  that  process,  but  even  from  theoretical 
considerations  we  may  conclude  that  it  could  never  lead  up 
closely  to  a  complete  conversion  of  SOg  into  SOg.     This  is,  for 
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instance^  pointed  out  by  Sackur  (Zsch.  f.  Elektrochemie,  viii. 
p.  47).  To  expect  that  1  mol.  SO2  could  be  converted  into  SO,  by 
a  single  atom  of  O  is  contrary  to  the  law  of  the  action  of  masses. 
Since  the  reaction  2S03  +  02^2SOs  is  reversible^  that  law  leads 

to    the    equation    - — /o>>  \a    ^  =^;  hence  ^rT=\/ -ry   which 

(0U3)  oUj      V     k 

means  that  the  yield  of  SOg  is  the  larger,  the  greater  the  conceD- 

tration  of  the  oxygen.     The  same  author  maintains  that  in  theory 

dilution  with  nitrogen   must  influence  the  yield  unfavourably; 

but  in  practice  this  does  not  matter,  as  the  gases  are  not  diluted 

with  pure  nitrogen,  but  with  air,  and  thus  the  concentration  of 

oxygen  is  increased  at  the  same  time^  which  alone  is  decisive  for 

the  yield. 

E.  J.  Russell  and  Norman  Smith  ( Journ.  Chem.  Soc.  1900,  ixzvii. 
p.  340)  have  made  some  interesting  experiments  on  the  combina- 
tion of  sulphur  dioxide  and  oxygen.  They  found  that  even  at  the 
ordinary  temperature  certain  metallic  oxides  (MnOj,  PbOj,  CrOj. 
FcjOs,  CrsOj,  and  the  hydroxides  of  these  metals)  cause  the  two 
gases  to  combine  to  a  certain  degree,  in  proportion  to  the  extent 
of  surface  presented  by  the  oxide.  The  amount  of  combination 
also  depends  on  the  state  of  the  surface ;  it  is  least  with  freshly 
precipitated  oxides  which  are  not  yet  dried,  and  increases  if  the 
oxide  has  been  moderately  heated  or  kept  for  a  long  time  so  as 
to  become  dry.  There  is  in  every  case  simultaneous  combination 
of  the  oxide  with  the  SO^.  The  most  striking  instance  of  this 
surface-action  is  afforded  by  MuO^,  some  20  per  cent,  of  the  SOj 
being  converted  into  SOg.  If  the  materials  are  carefully  dried 
by  phosphorus  pentoxide,  no  combination  takes  place  even  after 
several  days.  In  this  case  the  combination  of  MnOs  and  SO^  is 
prevented,  as  is  also  the  surface-action  of  the  oxide  which  brings 
about  the  union  of  SOs  and  O. 

All  these  experiments  were  made  at  ordinary  temperatures,  but 
platinum  (in  the  shape  of  platinized  pumice)  was  tried  at  a  tempera- 
ture of  400°  to  450°.  When  SO2  and  O  are  passed  over  it,  com- 
bination diminishes,  as  the  mfiterials  are  more  completely  dried 
by  phosphorus  pentoxide,  and  can  be  made  very  small ;  probably 
it  would  be  nil  if  all  moisture  could  be  absolutely  excluded,  which 
is  very  difficult  even  after  treating  the  substances  for  weeks  with 
PjOs.  As  soon  as  steam  was  introduced,  a  combination  took  place 
which  was  driven  to  the  extent  of  a  contraction  of  56  c.c.  in  a 
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mixtare  of  250  c.c.  oxygen  and  65  c.e.  sulphur  dioxide^  after  an 
action  of  24  hours. 

[These  experiments  harmonize  with  those  of  Dixon  and  Baker^ 
showing  that  neither  carbon  monoxide  nor  hydrogen  combine  with 
oxygen  when  all  water  is  absolutely  excluded.  But  evidently  the 
beneficial  influence  of  water  in  this  case  very  soon  reaches  its 
maximum,  when  only  traces  of  HgO  are  present,  and  very  rapidly 
declines,  in  order  to  produce  later  on  the  opposite  effects,  for  there 
is  otherwise  agreement  on  the  point  that  SOs  and  O  dried  in  the 
ordinary  way,  by  means  of  concentrated  sulphuric  acid  containing 
certainly  a  very  slight  proportion  of  moisture,  combine  much  better 
by  means  of  catalytic  action  than  when  the  drying  is  not  carried 
to  the  same  point.] 

J.  P.  Conroy  gives  a  good  synopsis  of  the  theoretical  and 
practical  aspects  of  catalysis,  containing  no  original  matter  ( Joum. 
Soc.  Chem.  Ind.  1902,  p.  302). 

We  now  come  to  the  paper  by  Knietsch  (Berl.  Ber.  1901,  pp.  4093 
et  seq,),  which  is  the  most  complete  hitherto  published  on  this 
subject.  It  is  accompanied  by  a  set  of  curves,  reproduced  in 
fig.  445,  which  illustrate  the  progress  of  the  reaction  under  various 
conditions.  Let  us  first  take  a  gas,  containing  20  vols.  SOs, 
10  vols.  Oj,  and  70  vols.  Ng — ^that  is,  apart  from  nitrogen,  a 
stoechiometrical  mixture  of  sulphur  dioxide  and  oxygen.  What- 
ever be  the  temperature  and  the  velocity  of  the  current,  we  see 
from  curves  S  and  S'  that  the  maximum,  which  always  occurs  at 
480®,  is  77  to  78  per  cent,  with  a  current  of  1000  c.c.  per  minute, 
or  90  to  91  per  cent,  with  500  c.c.  per  minute.  Nor  can  a  pure 
mixture  of  SOs  cmd  O  in  Winkler's  proportions,  as  shown  in  curve 
S",  reach  a  quantitative  conversion  into  SOg. 

If,  however,  mixtures  are  employed  in  which  either  oxygen  or 
sulphur  dioxide  is  present  in  excess,  it  is  possible  by  the  action 
of  masses  of  one  of  the  constituents  to  displace  the  other  con- 
stituent almost  completely  by  converting  it  into  SO^.  Therefore 
a  process  for  manufacturing  SOg  by  contact-action  will  go  on  all 
the  better,  the  more  oxygen  is  present  in  proportion  to  sulphur 
dioxide,  the  nitrogen  being  quite  indifferent.  The  formula  of 
conversion  ought  therefore  to  be  written  : — 

2  SO,  +  nO,=2  SOg+(»-l)0„ 
and  n  should  not  be  less  than  2. 
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Let  us  now  take  a  technical  pyrites-kilu  gas^  containing  7  per 
cent,  (vol.)  SO2,  10  per  cent.  Oj,  and  83  per  cent.  Nj,  which  cor- 
responds to  about  2  SOs :  3  Oj.  Even  when  passing  it  through  an 
empty  porcelain  tube  there  is  some  formation  of  SOg ;  curve  P 
shows  the  maximum  to  be  30  per  cent,  at  600**  C*  We  now  fill 
the  tube  with  platinized  asbestos^  of  5  to  10  per  cent,  platinum^  in 
such  a  manner  that  the  first  half  of  the  tube  remains  empty  and 
serves  merely  to  heat  the  gases^  the  other  half  containing  about 
0*5  gram  platinum  mixed  with  the  asbestos.  Curve  No.  1  ^  referring 
to  a  velocity  of  300  c.c.  per  minute^  shows  the  first  trace  of  SOg 
a  little  over  200°^  and  a  rapid  increase  of  the  formation  of  SOa, 
which  is  practically  complete  at  380°  to  400°.  Prom  400°  to  430° 
the  quantitative  action  is  almost  constant =98  to  99  per  cent. ;  but 
then  the  curve  descends^  although  more  gently  than  it  had  risen^ 
the  SOg  being  more  and  more  dissociated  into  its  components. 
At  700°  to  750°  only  about  60  per  cent,  of  the  SO2  is  converted 
into  SOg,  at  900°  to  1000°  the  curve  reaches  the  zero-point. 

If  we  repeat  the  experiments^  changing  only  the  quantity  of 
contact-substance  or,  what  comes  to  the  same  things  increasing  the 
strength  of  current,  we  obtain  the  curves  No.  2  (1000  c.c.  per 
minute).  No.  3  (2500  c.c),  No.  4  (7500  c.c),  No.  5  (30,000  cc). 
These  curves  in  their  ascending  branch  run,  for  certain  distances, 
almost  parallel,  but  slightly  diverging,  which  points  to  a  common 
starting-point.  But  the  descending  branches  all  distinctly  con- 
verge and  ultimately  all  reach  zero  at  temperatures  between  900° 
and  1000°. 

If  we  turn  our  attention  to  the  highest  points  of  the  various 
curves,  we  observe  that  the  maxima  have  a  peculiar  direction 
towards  higher  temperatures  for  decreasing  quantities  of  platinum 
(or  increase  of  velocity  of  the  gases),  and  at  the  same  time  a  strong 
decrease  of  the  highest  attainable  degree  of  percentage  conversion 
of   SO2  into  SOg.      If  these  maxima  are  joined  by  a  curve, 

marked in  our   figure,  we  find   its  left-hand  portion 

directed  asymptotically  towards  the  theoretical  maximum  of 
100  per  cent,  conversion,  the  right-hand  portion  directed  towards 
a  point  near  600°. 

The  close  approach  of  the  curves  on  the  side  of  decomposition 
would  lead  to  the  assumption  that  the  dissociation  of  sulphuric 
anhydride  becomes,  with  the  decrease  of  platinum,  more  and  more 

*  Comp.  above  pp.  979  &  980^  the  attempts  at  forming  SO,  by  merely  heating 
the  roosting-gases  in  flues  filled  with  pebbles,  &c. 
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indepeodent  of  the  contact-substance  and  also  more  and  more 
a  pure  function  of  temperature.  We  may  test  this  assumption  by 
working  without  any  platinum^  having  previously  brought  the 
gaseous  mixture  into  the  state  of  nearly  complete  conversion  into 
SOj.  This  experiment  was  made^  but  yielded  a  very  surprising 
result^  as  shown  by  curve  D.  This  is  shifted  to  the  right  hand 
by  several  hundred  degrees,  and  begins  to  descend  only  at  800° 
to  900°  C,  without  reaching  zero  even  at  1100°  to  1200°.  This 
shows  that  sulphuric  anhydride,  once  formed,  is  very  stable  at  high 
temperatures  in  the  absence  of  contact-substances.  But  this  is  an 
unstable  equilibrium  which  is  at  once  changed  by  the  presence  of 
any  contact-substance  and  tends  towards  a  stable  equilibrium. 
Curve  E  shows  this  influence,  consisting  in  a  gradual  approach  of 
curve  D  to  A,  when  repeating  the  experiment  as  at  D,  but  with  a 
tube  filled  with  pieces  of  porcelain.  This  reminds  one  of  the 
phenomena  of  superfusion  and  retardation  of  boiling,  and  at  sadi 
temperatures  porcelain  and  other  substances  prove  to  be  similar 
catalyzers  to  platinum.  But  it  seems  extraordinary  that  at  sucli 
temperatures,  viz.  a  vivid  red-heat,  such  a  strong  retardation  in 
reaching  a  stable  equilibrium  takes  place. 

Bodenstein  (Chem.  Zeitg.  1902,  p.  1077)  holds  that  the  pre- 
ceding  observation  of  Knietsch,  according  to  which  the  porcelain 
contact  does  not  form  SOg  so  easily  as  platinum  contact,  but  does 
not  destroy  the  formed  SOg  in  the  same  ratio,  is  a  simple  case  of 
thermodynamics. 

We  have  seen  above  that  the  reactions  plotted  in  curves  1,  2^3, 
4  are  dependent  upon  the  duration  of  the  contact  of  the  gas  with 
the  contact-substance.  This  is  made  clearer  by  the  curve  fig.  446, 
where  on  the  X-axis  the  times  of  contact  or,  what  comes  to  the 
same  thing,  the  quantity  of  platinum  is  plotted,  on  the  Y-axis  the 
percentage  proportion  of  SOj  transformed  into  SOj.  We  perceive 
from  this  curve  at  once  what  time  or  what  quantity  of  platinum 
is  required  for  a  certain  percentage  formation  of  SO3  for  a  definite 
temperature.  We  also  perceive  that  the  curves  begin  at  zero  and 
run  asymptotically  parallel  to  the  X-axis,  tending  towards  the 
maximum  corresponding  to  the  temperature.  We  also  see  that 
with  the  increase  of  temperature  and  the  percentage  increase  of 
SO3  the  carves  get  more  and  more  bent,  but  more  and  more 
removed  from  a  perfect  transformation.  Ultimately  the  velocitr 
at  commencement  is  so  great  that  at  higher  temperatures  the 
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beginning  of  the  curves  almost  coincides  with  the  Y-axis.  Hence 
the  first  meeting  of  the  roasting-gases  with  the  contact-substance 
must  lead  to  a  violent  reaction^  and  therefore  to  a  strong  heating 
of  the  first  portions  of  the  contact-substance^  which^  according  to 
the  kind  of  external  coaling,  may  go  up  to  a  visible  glowing. 

We  see  further  from  the  curves  that  with  the  formerly  generally 
employed  temperature  of  the  contact-furnaces  the  reaction  could 
not  possibly  be  quantitative^  and  that  it  is  only  the  sulphur 
trioxide  itself  which  strongly  retards  the  velocity  of  the  reaction. 

The  most  important  result  of  Enietsch^s  experiments  was  that  a 
line  of  stable  equilibria  exists  which  divides  the  range  of  tem- 
perature into  two  parts.  The  ranges  below  200°  and  above  900°  or 
1000°  may  be  called  devoid  of  reaction  in  a  technical  sense; 
between  200°  and  450°  the  reaction  of  formation  prevails,  abo?e 
450°  the  dissociation  of  SOg  comes  into  play  very  rapidly. 

From  these  facts  important  technical  conclusions  may  be  drawn. 
Although  the  limiting  line  A  (fig.  445)  has  been  worked  out  only 
for  a  certain  technical  mixture  of  gases,  we  may  safely  assume  that 
the  different  practically  important  cases  will  not  have  very  much 
influence  on  the  position  of  this  stable  equilibrium.  This  limiting- 
line  must  theoretically  and  practically  be  independent  of  the 
kind  of  contact-substance;  hence  only  those  contact-substances 
will  be  able  to  produce  a  quantitative  reaction  in  one  operation 
which  exhibit  the  maximum  of  activity  below  450°.  All  contact- 
substances  which  exhibit  their  maximum  activity  only  beyond  that 
temperature  (such  asj  pyiites-cinders  containing  Fe208  and  CuO, 
comp.  curve  F,  p*  1002)  will  never  be  able  to  produce  a  quanti- 
tative conversion  of  SOj  into  SOs^  whatever  the  length  of  time  that 
may  be  employed.  Hitherto  only  one  substance  has  been  found 
to  fulfil  the  necessary  conditions^  viz.  platinum^  which  cannot  be 
replaced  by  any  other  member  of  the  same  group  of  metals  with 
even  approximately  similar  success. 

The  preceding  conclusion  of  Knietsch  has  been  hitherto  justified 
by  the  fact  that  notoriously  in  those  places  where  ferric  oxide, 
whether  in  the  technically  pure  state  or  mixed  with  other  oxides, 
is  employed,  the  conversion  never  even  approximately  reaches 
100  p.  c,  but  only  60  to  66  p.  c,  and  the  end  of  reaction  is  brought 
about  by  a  second  passage  over  platinum  black.  The  theory  of 
the  contact-action  of  ferric  oxide  has  been  touched  upon  before 
(pp.  997  et  seq.).  From  the  factories  wherp  it  is  actually  employed 
no  experiments  have  been  published  thereon,  but  an  experimental 
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investigation  on  that  point  has  been  made  by  the  author,  together 
with  G.  P.  PoUitt,  which  will  be  subsequently  mentioned. 

We  shall  find  further  contributions  to  the  theory  of  platinum 
catalysis  in  the  original  communication  of  Dr.  Krauss^  of  Hochst^ 
to  be  given  later  on. 

Erode,  in  the  paper  mentioned  in  Chap.  VII.  p.  775  (Zsch.  angew. 
Ch.  1902,  p.  1081),  quotes  the  views  of  Krauss,  as  shown  in  the 
British  patents  of  1901,  with  full  approval.  We  shall  in  this  place 
give  merely  a  short  extract  from  Brode's  paper.  The  catalytic 
action  of  platinum  in  the  reaction  S02  4-0  =  S03  is  technically 
applicable  between  400°  and  500°.  But  already  at  400°  the 
counter  reaction  sets  in  and  is  almost  complete  at  1000°.  Although, 
therefore,  a  higher  temperature  would  increase  the  velocity  of  the 
formation  of  SOj  (at  500°  it  is  200  times  as  strong  as  at  400°), 
the  equilibrium  is  shifted  to  the  detriment  of  the  product  desired. 
Practically  it  is  impossible  to  work  at  the  temperature  at  which 
the  reaction  is  complete,  because  the  velocity  would  be  too  small. 
In  order  to  combine  the  highest  velocity  with  a  nearly  quantitative 
yield,  we  must  draw  the  consequences  of  the  law  of  the  action 
of  masses ;  that  is,  we  must  either  increase  the  concentration  of 
the  substances  to  be  changed,  or  lower  the  concentration  of  the 
product  to  be  obtained.  The  former  cannot  be  done  at  will ;  the 
SO2  is  given,  and  merely  the  oxygen  may  be  concentrated  by 
employing  more  air,  as  the  Mannheimer  Verein  has  prescribed  in 
their  respective  patent  (see  below).  It  is,  however,  not  feasible 
to  go  too  far  in  this  direction,  both  from  practical  and  theoretical 
grounds,  at  least  not  when  working  with  atmospheric  air,  where  any 
raisingoftheconcentration  of  oxygen  beyond  17p.c.  (with3p.c.S02 
and  80  p.  c.  N)  would  have  but  a  very  slight  efifect,  the  yield  being 
proportional  to  the  square  root  of  the  concentration  of  oxygen. 
It  is  therefore  proper  to  proceed  in  the  other  direction,  that  is, 
to  lower  the  concentration  of  the  product  obtained,  SOs,  by  taking 
it  away  by  continuous  or  successive  absorption.  In  this  case  the 
equilibrium  is  constantly  disturbed,  the  reaction  recommences,  and 
ultimately  all  SO2  is  changed  into  SOs,  even  under  unfavourable 
conditions  of  equilibrium.  Hence  we  need  not  work  at  the 
optimum  temperature  of  450°,  but,  if  proceeding  as  indicated,  we 
may  go  considerably  beyond  that,  and  we  shall  then  do  far  more 
work  in  a  given  apparatus  in  the  same  time,  and  we  may  also  then 
employ  catalyzers  which  act  only  at  higher  temperatures.  The 
first  action  will  be  best  performed  at  high  temperatures  and  corre- 
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ting  velocities^  and  when  the  equilibrium  has  been  reached, 
lower  temperatures  will  be  applied  in  order  to  perfect  the  yield. 

From  a  paper  by  Q.  Lunge  and  6.  P.  PoUitt,  in  Joum.  Soc. 
Chem.  Ind.  1903^  p.  79,  on  the  formation  of  sulphur  trioxide  by 
the  action  of  ferric  oxide^  I  quote  only  the  conclusions  : — 

(1)  The  degree  of  change  of  SOs+0  to  SOg  is  not  sensibly 
affected  by  changes  in  dilution  from  2  to  12  per  cent,  of  SO^  by 
volume.  A  still  greater  dilution  would  probably  act  equally  well 
{vide  Sackur's  theoretical  observations,  suprh,  p.  1000).  Above 
12  per  cent,  the  percentage  change  is  not  only  lowered^  apparently 
because  of  the  too  small  excess  of  oxygen^  but  also  the  contact- 
action  of  the  oxide  is  made  worse  for  more  dilute  mixtures. 

(2)  The  mixture  of  gases  to  be  changed  to  SO^  must  be  as  dry 
as  can  be  obtained  by  a  thorough  treatment  with  sulphuric  acid. 
The  neglect  of  this  precaution  not  only  causes  the  contact-action  to 
be  at  once  much  lessened,  but,  in  addition  to  this,  the  contact- 
mass  has  to  be  treated  for  a  long  time  with  the  dry  mixture  before 
it  recovers  from  the  *^  poisoning  *^  action  of  the  moisture. 

(8)  Exactly  the  same  results  are  obtained  as  by  treating  with 
moist  gases  when  oxide  of  iron  (pure  or  containing  copper)  which 
has  been  exposed  to  the  air,  and  has  therefore  absorbed  some  mois- 
ture, is  used.  Only  after  long  treatment  with  the  gases  at  red-heat 
(lasting  80  hours  or  more)  does  the  oxide  of  iron  reach  its  maximum 
contact-action,  which,  however,  immediately  sinks  again  if  the 
oxide  after  cooling  is  even  for  a  short  time  exposed  to  the  air. 

(4)  An  improvement  of  the  contact-action  by  methods  of  treat- 
ment having  for  their  object  the  loosening  of  the  surface  of  the 
oxide  of  iron  was  not  achieved.  Oxides  obtained  by  heating  ferri- 
or  ferrosulphate  gave  a  much  lower  contact-action  than  that  ob- 
tained with  an  oxide  prepared  by  igniting  precipitated  hydroxide, 
or  in  the  form  of  pyrites-cinders.  Doubtless  the  physical  formation 
of  the  oxide  has  a  great  influence  on  its  catalytic  action,  but  we 
have  not  so  far  succeeded  in  clearing  up  this  point. 

(5)  An  addition  of  copper  oxide  to  the  iron  oxide  (using  the 
cinders  from  pyrites  containing  copper)  is  favourable  to  the 
formation  of  SOg. 

(6)  Arsenious  acid  is  completely  taken  up  and  retained  by  oxide 
of  iron  at  a  high  temperature.  (The  best  temperature  seems  to  be 
not  less  than  about  700°  C.)  The  oxide  of  iron  can  be  thus  charged 
with  arsenic  up  to  considerable  quantities.    An  oxide  thus  charged, 
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if  it  contains  2|  per  cent,  of  arsenic  (reckoned  as  As)^  shows  a  very 
considerably  increased  contact-action  (over  60  per  cent.)  in  com- 
parison with  the  pure  oxide. 

(7)  Oxide  of  iron  containing  copper  also  shows  a  distinct  increase 
of  contact-action  on  being  charged  with  arsenic. 

(8)  The  best  temperature  for  the  catalytic  action  of  ferric  oxide 
in  the  formation  of  SOs  lies  between  600°  to  620^  C.  Below  600° 
the  action  is  very  slight ;  above  620^  the  catalytic  action  falls 
quickly  to  a  certain  point  and  remains  constant  till  750°,  when  it 
again  begins  to  fall.  The  fall  on  raising  the  temperature  must  be 
attributed  to  the  fact  that  the  system  SOs  +  O^SOg  tends  to 
alter  its  condition  of  equilibrium,  in  the  direction  from  right  to 
left,  on  raising  the  temperature.  The  fact  that  there  is  no  appre- 
ciable change  between  the  temperatures  of  635°  and  750°  can  perhaps 
be  best  explained  by  assuming  that  two  kinds  of  intermediate  re- 
actions come  into  play,  viz.:  first,  the  formation  and  decomposition 
of  ferrisulphate ;  and,  secondly,  the  alternating  reduction  of  Fefi^ 
and  oxidation  of  the  Fes04  so  formed,  and  that  these  reactions 
have  different  temperature  optima. 

I  have  been  favoured  by  Dr.  Brode,  of  Karlsruhe,  with  the 
following  remarks  on  the  maximum  yield  theoretically  obtainable 
in  the  manufacture  of  SOs  ^7  the  contact  method.  From  the 
graphic  representation  given  by  Knietsch  (p.  1002),  it  appears 
that  he  had  obtained  from  technical  burner-gases  the  equilibrium 
2  SO2  +  O2  ^  2  SOg  at  temperatures  over  450°  C,  since  the  yield 
did  not  change  after  some  time  or  when  employing  more  contact- 
substance.  At  lower  temperatures  the  yields  were  still  gradually 
increasing,  and  hence  the  equilibrium  was  not  yet  reached.  As 
Kuietsch  worked  with  gases  containing  7  per  cent.  SOj,  10  O2,  and 
83  Ns  by  volume,  we  can  calculate  the  equilibrium  constant  K  for 
temperatures  upwards  of  450°  by  the  formula : 


[SOJ«  [O,]' 

and  we  thus  arrive  at  the  following  table,  in  which  column  I.  shows 
the  temperatures ;  II.  the  yields  obtained  by  Knietsch  (as  read  off 
from  the  curves) ;  III.  the  proportion  SO3 :  SO2  calculated  there- 
from; IV.,  v.,  VI.  the  concentrations  of  the  single  gases  at 
equilibrium,  expressed  in  per  cent,  by  volume ;  VII.  the  constant, 
expressed  in  the  same  way. 

VOL.  I.  3  T 
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I. 

°0. 

1 
11. 
Yield 
100  SO,  . 

&0,+SOa 

ni. 

[SOJ. 
[SOJ 

IV. 
SO, 

V. 
SOa 

VI. 
Oa 

1 
VII. 

GonBt.K. 

per 

cent.  Yol. 

450 

98  p.  c. 

49 

6-86 

0-14 

6-6 

364 

600 

96   „ 

19 

6-65 

0-36 

6-7 

54 

600 

80  ,. 

4 

6-60 

1-40 

7-2 

2-2 

700 

69   „ 

1-40 

413 

2-87 

7-9 

0^ 

800 

36   „ 

0-64 

2-45 

4-56 

8-8 

0O33 

900 

15  ,. 

018 

105 

5-96 

9-5 

0-0034 

1 

The  constant  now  allows  us  to  calculate  the  maximum  yields 
obtainable  at  given  temperatures  and  concentrations  of  oxygen 
for  the  case  that  the  equilibrium  is  actually  obtained^  and  inde- 
pendently of  the  contact-substance  (according  to  van't  Hoff, 
Vorles.  chem.  Dyn.  p.  211).   For  each  temperature  the  relation  is: 

a/k:[0]2=^q|j, 

and  the  percentage  yield : 

100  [SOJ      _100>/K[O;] 

[S03l  +  [S03]      l  +  yK[OJ 

In  the  subjoined  table^  column  I.  shows  the  results  obtained 
experimentally  by  Knietsch  with  technical  burner-gases  containing 
7  vol.  per  cent.  SO2,  10  O2,  83  N^;  II.  the  yields  theoretically 
obtainable  by  the  process  employing  great  excess  of  air^  assuming 
the  concentration  of  oxygen  at  equilibrium  =16  vol.  per 
cent.  O2 ;  HI.  the  yields  obtainable  by  burning  sulphur  in  pure 


Temp. 

I. 

Technical  burner-gas. 

II. 

Bumer-gae  with 
excess  of  air. 

III. 

Burning  S  with 
pure  oxygen. 

450 

500  

600  

700  

800  

900  

SO3 
SO, 

Yield 
per  cent. 

SO3 

soV 

Yield 
per  cent. 

SO, 

sda' 

Yield 
percent. 

48 

18 
4 

1-4 
0-54 
0-18 

98 
95 
80 
69 
35 
15 

76 

29-3 
6-8 
20 
0-73 
0-23 

98-7 

967 

86 

67 

42 

19 

181 
70 
14 
.     4-7 
1-7 
0-65 

99-6 

98-6 

93 

81 

62 

36 
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oxygen^  the  gases  showing  7  yoI.  per  cent.  SO3  and  93  62^  and 
the  oxygen  concentration =90  per  cent,  at  equilibrium. 

Keppeler  (Zsch.  f.  angew.  Ch.  1902^  p.  809)  has  made  some 
interesting  observations  on  the  conditions  to  be  fulfilled  by  every 
contact-substance.  Apart  from  the  property  of  forming  two  grades 
of  oxidation^  of  which  the  higher  is  reduced  by  SO^  at  the  same  time 
as  the  lower  is  oxidized  by  O  (comp.  p.  999  respecting  this  property 
even  in  the  case  of  platinum^  according  to  Engler  and  Woehler), 
those  substances  which  form  sulphates^  like  ferric  oxide^  must  be 
considered  in  another  respect  as  well.  On  heating  sulphates  they 
begin  to  throw  out  molecules  of  SO3  in  a  proportion  increasing 
with  the  temperature ;  and  for  each  temperature  they  continue 
to  do  this  until  the  vapour  of  SO5  in  the  space  above  the  sulphate 
has  a  tension  equal  to  that  with  which  the  SO3  is  split  off  from 
the  oxide.  If  that  equilibrium  is  disturbed  by  the  change  of 
atmosphere^  the  sulphate  again  splits  off  SOg^  and  this  goes  on 
until  only  oxide  remains.  Hence  it  is  unnecessary  to  work  at  a 
temperature  at  which  the  dissociation  of  the  sulphate  is  complete, 
that  is,  until  the  tension  is  equal  to  that  of  the  atmosphere.  It 
is  only  necessary  that  the  partial  pressure  of  the  vapour  of  SO3 
should  be  less  than  the  tension  of  dissociation  of  the  sulphate  at 
that  temperature.  With  the  dilution  of  the  burner-gases  the 
temperature  is  lowered  at  which  the  contact-substance  is  active. 
If,  for  instance,  the  burner-gas  can  furnish  8  per  cent.  SOs,  a 
temperature  suffices  at  which  the  SOs  vapours  split  off  by  the 
sulphate  have  a  tension  of  0*08  atmosphere.  At  400°  the  SOj 
tension  of  ferric  sulphate  is  not  sensible ;  it  becomes  so  at  500^, 
and  probably  it  is  not  necessary  to  exceed  that  temperature  largely 
if  very  dilute  gas  (2  to  3  per  cent.  SO^)  is  employed,  because  then 
the  temperature  required  for  the  formation  of  sulphate  is  much 
lower  :  the  excess  of  oxygen  is  useful  through  the  action  of  the  law 
of  masses,  and  the  heat  of  reaction,  being  applied  to  a  greater 
mass,  does  not  produce  a  harmful  rise  of  temperature. 

Present  State  op  the  Manupacture  op  Sulphuric  Anhydride 
AND  Sulphuric  Acid  by  the  Contact-Process. 

This  process  is  carried  out  in  practice  in  a  considerable  number 
of  modifications.  About  some  of  these  nothing  whatever  is  known 
outside  the  circle  of  those  who  work  them,  and  concerning  these  I 
can  naturally  say  nothing  in  this  place.  To  this  number  belong  the 
processes  used  by  Messrs.  Chapman,  Messel,  &  Co.,  at  SUvertown, 
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by  the  United  Alkali  Company  and  by  the  Tentelew  Chemical 
Works  at  St.  Petersburg  [comp.  a  description  of  their  apparatus 
in  the  B.  P.  No.  11,969,  of  May  26,  1902,  Journ.Soc.  Chem.  Ind. 
1903,  p.  695) . 

Only  six  different  processes  are  better  known,  partly  by  the 
patent  specifications  and  partly  by  communications  from  the 
owners,  most  of  which  appear  for  the  first  time  in  this  book.  We 
may  divide  them  into  two  classes : — 

A.  Processes  by  which  the  conversion  of  SO,  into  SO|  is 
rendered  practically  complete  by  contact-action  (Badische,  Hochst, 
Grillo,  Mannheim). 

B.  Processes  which  supplement  the  contact-process  by  ordinary 
lead  chambers  for  working  up  the  residual  gases  (Freiberg,  Rabe). 

I.  The  Process  of  the  Badische  Anilinr  und  Sodafabrik 

at  Ludwiffshafen, 

British  patents  :  Nos.  15,947, 15,948,  15,949,  and  15,950,  all  of 
July  21,  1898 ;  No.  1904,  Jan.  28,  1901 ;  Nos.  6828  and  6829, 
April  1, 1901 ;  No.  12,781,  June  22, 1901 .  U.S.  patents  (Knietsch) : 
No.  690,062,  Dec.  31,  1901 ;  No.  692,018,  Jan.  28,  1902 ;  G.  P. 
No.  142,895,  June  4,  1902. 

This  process  has  been  worked  out  by  Dr.  Knietsch,  who  has 
described  its  rise  and  present  state  in  a  lecture  delivered  before 
the  German  Chemical  Society  on  Oct.  19,  1901,  which  has  been 
published  in  Berl.  Ber.  1901,  pp.  4078  et  seq. 

The  whole  of  the  matter  contained  in  that  lecture,  as  far  as  it 
refers  to  the  subject  in  question,  is  given  in  the  following 
description,  which  is,  however,  largely  amplified  by  extracts  from 
the  patent  specifications  and  by  a  direct  communication  made  to 
me  by  the  Ludwigshafen  firm. 

When  Knietsch  approached  the  problem  of  completely  con- 
verting pyrites-kiln  gases  into  sulphuric  acid  by  contact-action, 
this  seemed  to  promise  no  success  according  to  all  that  was 
known  at  that  time  in  practice  and  theory.  He  was  induced, 
in  spite  of  this,  to  consider  success  possible  principally  from 
theoretical  considerations. 

We  know  that  the  gases  issuing  from  the  ordinary  lead  chambers 
still  contain  6  per  cent,  oxygen.  The  same  excess  of  oxygen  must 
necessarily  be  present  in  every  burner-gas  submitted  to  the  contact- 
process,  and  there  was  no  apparent  reason  why  the  reaction  should 
not  go  on  quantitatively  with  such  an  excess  of  oxygen.     This 
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question  was  tested  by  experiments  with  pure  sulphur  dioxide 
diluted  with  much  air,  and  it  was  found  that  the  reaction  under 
certain  conditions  stopped  quite  short  only  of  quantitative  con- 
version. It  was  found  that  dilution  with  air  to  any  extent  had 
next  to  no  influence  on  the  conversion  of  SOg  into  SO3,  nay,  even 
that  this  conversion  was  promoted  by  diluting  the  SO2  with  more 
air  and  thus  increasing  the  proportion  of  oxygen  in  comparison 
with  dioxide.  From  this  followed  the  fact  that  the  view  held  up 
to  that  time,  according  to  which  diluting  gases  had  an  injurious 
effect  on  the  contact-process  (comp.  p.  985),  had  to  be  critically 
examined. 

The  experiments  were  now  extended  to  real  burner-gases,  taken 
from  the  pyrites-kilns  and  conducted  to  the  laboratory  through  a 
long  lead  tube,  acting  like  a  flue-dust  chamber  in  removing 
cinders,  flue-dust,  &c.  The  gases  were  also  washed  by  several 
bottles  charged  with  sulphuric  acid.  The  results  were  almost  as 
complete  as  those  obtained  with  artificial  mixtures  of  gases,  and 
no  falling  off  in  the  quantitative  action  was  observed,  although 
the  experiments  with  the  same  contact. mass  lasted  several  days. 

This  seemed  to  justify  the  hope  that  sulphuric  acid  might  be 
almost  quantitatively  made  in  this  way  from  burner-gases,  and  the 
experiments  were  repeated  on  the  large  scale;  but  it  was  soon 
found  that  the  action  of  the  contact-substance  did  not  hold  out 
during  a  prolonged  use  and  ultimately  it  entirely  failed.  This 
result  was  not  improved  by  cooling  the  gases  in  long  flues  and 
repeatedly  washing  them  with  sulphuric  acid,  nor  by  filtering 
them  through  dry  coke  and  asbestos  filters  so  that  they  might 
be  regarded  as  pure  as  could  be  technically  attained.  So  far, 
the  process  had  failed  on  the  large  scale.  But  on  making 
further  laboratory  experiments  on  the  causes  of  the  slow,  but 
seemingly  inevitable,  retrogression  of  the  contact-action  it  was 
found  that  some  substances  interfere  with  the  catalytic  action  of 
platinum  even  when  present  in  extremely  small  quantities.  These 
are  arsenic  and  mercury,  also  phosphorus,  but  later  on  the 
injurious  effect  of  the  latter  was  found  to  be  caused  by  its  con- 
tamination with  arsenic.  Other  substances,  such  as  antimony, 
bismuth,  lead,  iron,  zinc,  &c.,  are  injurious  only  so  far  as  they 
mechanically  envelop  and  stop  up  the  contact- mass,  if  introduced 
in  large  quantities.  The  injurious  effect  of  arsenic  is  so  great  that 
1  or  2  per  cent,  of  the  weight  of  platinum  suffices  for  depriving 
this  entirely  of  its  activity. 
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The  question  now  arose,  whether  those  '^contact-poisons,''  as  they 
may  be  styled,  are  present  in  burner-gases  after  all  the  purifying 
operations  above  described,  and  it  was  found  that  indeed   the 
whitish  mist  of  sulphuric  acid,  which  could  not  be  precipitated^ 
contained  arsenic.     Thus  the  want  of  success  was  partially  cleared 
up,  but  no  remedy  was  known,  since  up  to  that  time  the  complete 
precipitation  of  these  white  mists  was  considered  technically  im- 
possible by  the  most  competent  experts  {cf,  SchnabePs  '  Hiitten- 
kunde,'  1890,  p.  500) .     Still,  the  task  was  again  taken  in  hand  to 
accomplish  a  complete  removal  of  all  impurities,  so  as  to  leave   a 
mixture  of  absolutely  pure  sulphur  dioxide,  oxygen,  and  nitrogen. 
An  enormous  amount  of  time,  trouble,  expense,  and  patience  was 
required  for  attaining  that  object,  first  in  the  laboratory,  and  then 
on  the  large  scale.     The  difficulty  was  principally  caused  by  the 
continuous  struggle  with  an  invisible  foe,  and  the  fact  that  eaeh 
mistake  was  attended  by  a  lasting  diminution  of  the  yield  of  the 
whole  plant.     The  result  of  the  whole  work  is  embodied  in  the 
patents  cited  above,  p.  1012,  which  show  that  the  burner-gases  can 
indeed  be  completely  freed  from  all  impurities,  if,  after  proper 
treatment  and  cooling,  they  are  subjected  to  a  prolonged  systematic 
intimate  contact  with  water  or  sulphuric  acid,  carried  on  until  an 
optical  and  chemical  examination  proves  their  perfect  purity.     It 
is  indifierent .  for  the  result  in  which  way  that  intimate  contact 
with  the  purifying  liquids  is  attained,  whether  by  intense  washing 
or  wet  filtration,  or  a  combination  of  both.     Only  a  few  of  the 
difficulties  will  be  mentioned  which  occurred  during  the  intro- 
duction of  the  purifying  process  into  practical  work. 

It  was  found  that  the  gases  should  be  slowly  cooled,  in  which 
case  the  sulphuric-acid  mists  are  much  more  easily  precipitated 
than  when  cooling  rapidly  (say,  by  bringing  them  into  contact 
with  much  water) — a  phenomenon  which  may  be  caused  by 
different  states  of  the  sulphuric  anhydride  (p.  162),  but  still  awaits 
its  proper  explanation  (comp.  also  p.  981).  The  cooling  required 
long  iron  conduits  cooled  by  air.  So  far  as  was  then  known, 
the  iron  could  not  have  any  injurious  effect,  for  acid  with 
more  than  90  per  cent.  113804^  such  as  must  be  formed  when 
dry  pyrites  is  employed,  was  not  expected  to  act  upon  irou,  or  to 
yield  at  most  SO3,  which  could  do  no  harm.  But  although  the 
burner-gases  had  been  completely  purified,  and  even  passed  through 
wet  filter-presses,  and  the  optical  test  (then  regarded  as  sufficient) 
betrayed  no  contamination,  yet  the  contact-mass  was  slowly,  but 
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infallibly,  changed  after  weeks  or  months.  After  a  long  series 
of  investigations,  and  only  after  the  presence  of  arsenic,  undis- 
coverable  in  the  gases,  had  been  proved  in  the  platinum  asbestos 
after  having  lost  its  activity,  the  assumption  gained  ground  that 
the  disturbance  might  arise  from  an  attack  of  the  small  quantity 
of  sulphuric  acid  condensing  in  the  iron  cooling-pipes,  and  that 
this  must  proceed  from  the  formation  of  a  gas  containing  arsenic, 
presumably  arseniuretted  hydrogen.  Precautions  were  now  taken 
that  the  condensing  acid  should  not  come  into  contact  with  iron, 
and  from  this  moment  the  contact-furnaces  retained  their  activity 
without  any  change.  Consequently,  contrary  to  the  general  view 
up  to  that  time,  the  action  of  concentrated  sulphuric  acid  on 
iron  must  have  produced  some  hydrogen,  for  only  in  this  way 
arseniuretted  hydrogen  could  have  been  formed. 

Another  very  enigmatical  and  protracted  disturbance  arose 
through  the  formation  of  mists  in  the  pyrites- kilns,  after  lengthy 
investigation  discovered  to  be  very  slight  mists  of  unburned 
sulphur,  which  is  just  as  difficult  to  precipitate  as  a  quickly  cooled 
mist  of  sulphuric  acid.  This  sulphur  always  contained  some 
arsenic,  and  had  therefore  to  be  completely  removed  ;  this  was 
attained  by  thoroughly  mixing  and  thus  completely  burning  the 
gases  by  the  assistance  of  blowing  in  some  steam.  This  has 
another  very  important  advantage  by  diluting  the  sulphuric  acid 
present  in  the  gases  so  that  it  does  not  condense  in  the  first  iron 
coolers  (which  prevents  the  formation  of  AsHs)^  nor  attack  the 
subsequent  lead  coolers  when  condensed  to  liquid  acid;  it  also 
prevents  the  formation  of  hard  flue-dust  and  obstructing  crusts 
in  the  flues  and  coolers. 

In  the  patents  the  purifying  process  is  described  as  follows  : — 
The  hot  gases  are  treated  with  a  jet  of  steam  in  the  dust-flue ; 
they  are  then  gradually  cooled  by  being  passed  through  a  flue  and 
then  into  a  set  of  lead  pipes,  arranged  to  act  as  a  cooler,  where  the 
temperature  is  lowered  to  about  100°  C.  They  are  then  passed 
through  a  series  of  mechanical  washers,  the  water  in  which  becomes 
converted  into  dilute  sulphuric  acid.  Such  washers  act  incom- 
parably better  than  washing-towers.  The  gases  are  finally  dried 
by  concentrated  sulphuric  acid.  Before  they  pass  on  to  the 
contact-apparatus,  they  are  subjected  to  an  optical  and  a  chemical 
test.  The  former  consists  in  examining  a  layer  of  the  gas  some 
yards  in  length,  illuminated  at  the  further  end,  to  see  that  it  is  free 
from  dust  and  mist.     The  chemical  test  is  performed  by  passing 
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the  gas  for  24  hours  through  water  and  then  examining  the  liquid 
by  the  Marsh  test  for  arsenic. 

We  now  come  to  another  important  principle  of  the  Badische 
system^  the  removal  of  the  injurious  excess  of  the  heat  of  reaction. 
The  process  S02  +  0  =  S08  produces  22,600  calories.  In  Lunge's 
'Sulphuric  Acid  and  Alkali/  2nd  edition,  vol.  iii.  p.  815,  the 
following  paragraph  occurs : — "  At  a  large  German  works  pure 
SOj,  obtained  by  the  Schroder  and  Hanisch  process,  or  in  some 
other  way,  is  mixed  with  the  necessary  quantity  of  air ;  the  mixture 
is  heated  to  the  required  temperature  in  a  pipe-stove,  and  is  then 
passed  through  an  apparatus  containing  clay.balls  impregnated 
with  platinum  black,  similar  to  a  Deacon  decomposer.  This 
apparatus  requires  no  external  heating,  since  the  gaseous  mixture 
develops  heat  in  the  combination  of  SOj  +  O,  and  needs  only  to  be 
protected  from  cooling.  It  is  asserted  that,  by  employing  strong 
pressure  by  means  of  bronze  blowing-engines  (air-compressors),  it 
is  possible  to  make  SOj  directly  from  pyrites-burner  gas  cheaply 
enough  to  employ  it  for  bringing  chamber-acid  up  to  the  strength 
of  *  rectified  oil  of  vitriol,'  in  lieu  of  concentration  by  evaporation, 
or  even  to  manufacture  ordinary  sulphuric  acid  in  this  way,  and 
thus  to  do  away  with  lead  chambers.^' 

But  this  refers  to  a  highly  concentrated  mixture,  containing 
about  25  per  cent,  (vol.)  of  SO2,  and  could  not  be  applied  to  gases 
three  or  four  times  more  diluted.  Such  gases  were  universally 
believed  to  require  not  merely  protection  of  the  contact^apparatus 
from  cooling,  but  heating  it  up  to  red- heat.  Consequently  the 
apparatus  at  the  Badische  was  first  provided  with  a  heating 
arrangement.  It  was  formed  of  vertical  pipes,  somewhat  narrov, 
as  in  these  the  platinized  asbestos  can  be  more  uniformly  distri- 
buted than  in  wider,  horizontal  pipes  or  boilers. 

The  contact-furnace  hence  consisted  of  a  bundle  of  narrow  pipes, 
the  lower  half  of  which  was  filled  with  contact-substance,  as  shown 
in  fig.  447  (taken  from  the  patent  specification).  When  this 
furnace  was  started  in  the  ordinary  way  at  a  low  red-heat,  it  was 
found,  against  all  expectations,  that  not  merely  the  yields  were 
better,  but  the  velocity  of  the  gaseous  current  could  be  essentially 
increased,  if,  in  lieu  of  hot  fire-gases,  cold  air  was  introduced 
between  the  pipes  and  the  temperature  loss  thus  kept  essentially 
lower.  This  led  to  another  way  of  proceeding.  In  the  beginning 
the  two  fires  h  and  A'  were  used,  but  as  soon  as  the  furnace  was 
at  work,  the  lower  fire  h  was  put  out  and  cold  air  was  passed  along 


the  contact-pipes,  thus  both  cooling  the  pipes  and  performing  a 
preheating  of  the  cold  gaaea  entering  the  pipes  by  means  of  the 
heated  current  of  air  riaing  up  ;  the  fire  A*  had  only  to  complete 
this  preheating.  In  this  way  only  the  upper  layers  of  the  contact- 
mass  became  gently  red-hot,  and  a  proper  temperature  for  the 
completion  of  the  reaction  was  attained  throughout. 

In  this  simple  manner  the  work  was  performed  for  several 
yeare ;  the  temperature  can  be  noted  without  a  pyrometer  by 
merely  observing  the  appearance  of  the  bundle  of  pipes.  But 
it  was  found  later  on  that  the  quantity  of  heat  which  could  be 

Fig.  447.  Tig.  448. 


withdrawn  from  the  contact-process  was  so  great  that  it  is 
possible  to  employ  the  roaating^ases  themselves  as  cooling-gas 
and  thus  to  utilize  the  excessive  heat  of  reaction  for  heating  np 
the  cold  roaatiug-gas.  This  is  done  in  the  apparatus  shown  iu 
fig.  448,  where  the  arrows  indicate  the  way  which  the  gases  take. 
Within  the  brickwork  M  M  an  iron  cylinder  S  S  is  arranged, 
with  top  cover  W  and  bottom  piece  W,  and  pipes  R  R  passing 
through  the  diaphragms  D  D'.     The  whole  can  be  JM08  up  to 


'he  whole  can  be  JM08  u 
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the  temperature  of  reaction  by  a  fire  &c.  at  h  h' ;  the  gases  of 
this  fire  escape  at  L.  The  burner-gas  to  be  treated  passes  first 
through  the  heat-regulator  G,  then  through  the  valves  V  V  into 
chambers  A  and  A',  which  supply  the  whole  circumference  of  S 
with  gas,  as  well  as  the  radial  pipes  B  B',  which  are  provided 
with  holes  of  a  size  varying  according  to  the  length  of  the  corre- 
sponding chord  of  the  circle^  so  that  the  gas  is  divided  uniformly 
all  over  the  system. 

In  order  to  lead  the  gases  further  on  in  the  requisite  way  and  to 
bring  them  as  near  as  possible  to  the  contact-mass  to  be  cooled^  a 
number  of  diaphragms  C  C  are  provided^  which  force  the  gases  to 
travel  close  to  the  pipes  R  B.  The  gases  are  again  thoroughly 
mixed  before  entering  into  these  pipes  through  O  and  F,  and 
acting  upon  the  mass  by  means  of  the  baffle-plates  in  chamber  N. 

The  velocity  and  temperature  of  the  gaseous  current  is  regulated 
by  thermometers  placed  at  D  and  D'^  and  by  analysis  of  the  entering 
and  issuing  gases^  until  these  yield  the  best  results.  If  needful^ 
other  cooling-gas  or  air  may  be  admitted  through  V^^  and  J.  In 
pipes  R  R  the  contact-reaction  takes  place,  the  heat  generated  in 
excess  being  transferred  to  the  gases  playing  round  these  pipes^ 
which  are  thereby  heated  up  to  the  temperature  of  the  reaction. 
The  transformed  gases  issue  through  D^  into  chamber  W^  and 
proceed  through  G  to  the  absorbers ;  but  they  may  also  be  carried 
through  the  heat-regulator  G,  where  they  give  up  part  of  their  heat. 

The  patent  specifications  contain  a  number  of  other  forms  of 
apparatus  for  applying  the  same  principle. 

There  is  also  a  specific  example  quoted  to  show  how  the  best 
result  can  be  obtained^  but  this  applies  to  gases  not  obtainable 
from  ordinary  pyrites-burners,  viz.  such  containing  12  per  cent. 
(vol.)  SO2  and  12  per  cent.  O.  The  apparatus  is  heated  up  by 
the  gas-fiames  at  h  until  the  thermometer  in  D  shows  300^0.,  and 
the  whole  gaseous  current  is  now  allowed  to  enter  at  A.  By 
constantly  testing  the  entering  and  issuing  gas  the  practical  effect 
is  ascertained^  and  the  temperature  in  the  contact-space,  which 
is  observed  by  thermometers  in  D  and  D',  is  regulated  by  means 
of  admitting  the  cooling  gas  through  valves  V,  V,  and  V",  if 
necessary  by  help  of  the  preliminary  heater  G,  under  such  con- 
ditions of  heat  and  quantity  that  the  maximum  conversion  of  SO^ 
into  SO3  is  attained.  In  the  present  case  about  two-thirds  of  the 
gas  is  introduced  at  A  and  one-third  direct  through  J,  so  that^ 
after  passing  the  mixer  N,  the  gas  in  D  shows  a  temperature  of 
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380°,  the  thermometer  in  D'  showing  234°.     The  conversion  of 
SO3  into  SOs  is  =  96  to  98  per  cent.,  if  40  to  50  kil.  SOs  are  made 
for  each  pipe  in  24  hours  ;  the  yield  may  rise  to  99  per  cent,  if 
the  gases  are  left  in  contact  with  the  catalyzer  for  a  longer  time. 
This  cooling  system  furnishes  four  important  advantages  : — 

1.  There  is  no  overheating  of  the  apparatus,  and  a  temperature  is 
obtained  suitable  for  the  highest  possible  yield  of  96  to  98  per  cent. 

2.  The  iron  apparatus  is  protected  from  being  destroyed  by 
burning.  3.  The  contact-mass  is  protected  from  overheating  and 
retains  its  activity  for  years.  4.  The  absolute  amount  of  work 
done  by  the  contact-mass,  and  therefore  by  the  whole  apparatus, 
is  very  considerably  increased  and  brought  to  its  upper  limit, 
because  fresh  quantities  of  gas  can  always  be  introduced  without 
overheating  and  the  contact-mass  is  kept  at  a  temperature  most 
suitable  for  its  maximum  effect.  Hence,  if  the  furnace  gets  too 
hot,  it  is  not  necessary,  as  before,  to  diminish  the  gaseous  current 
to  be  treated,  but  its  cooling  action  is  regulated  by  changing  its 
quantity  or  its  temperature  when  entering  the  cooling-jacket,  or 
the  place  where  it  enters,  &c. 

An  essential  point  in  the  new  process  is  that  it  is  carried 
on  without  applying  high  pressure.  Formerly  it  was  believed 
(p.  993)  that  the  influence  of  indifferent  gases  militated  against 
quantitative  action  and  that  this  should  be  compensated  by 
employing  the  gases  in  a  highly  compressed  state.  But  such  an 
influence  is  absent  or  at  least  practically  nil.  There  is  no  diffi- 
culty whatever  in  reaching  an  almost  quantitative  conversion  of 
SO3  into  SOg  without  any  excess  pressure,  which  means  a  con- 
siderable saving. 

On  the  other  hand,  the  gas  should  be  made  to  penetrate  the 
contact-mass  very  thoroughly.  Loose  platinum  asbestos  gets 
easily  compressed  too  much  to  allow  the  gases  to  penetrate.  The 
apparatus  shown  in  fig.  449  allows  of  working  with  a  minimum 
of  pressure  without  leaving  the  gases  any  other  way  except  through 
the  contact-mass  itself^  or  hindering  the  cooling  of  the  contact- 
pipes.  The  contact-mass  is  spread  on  perforated  plates,  strung  on 
a  central  round  iron  spindle ;  small  bits  of  pipes  or  pins  keep  the 
single  plates  apart  and  prevent  the  pressure  of  one  layer  upon 
another,  so  that  there  is  but  very  little  resistance  to  the  gases,  and 
a  correspondingly  small  mechanical  force  required  for  propelling 
them.  Each  pipe  can  also  be  brought  to  a  certain  pressure, 
uniform  for  all  of  them  and  capable  of  being  measured,  so  that 
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the  whole  apparatus^  although  consisting  of  many  pipes^  offers  an 
absolute  guarantee  for  a  uniform  division  of  the  gases  and  there- 
fore the  most  normal  progress  of  the  reaction. 

The  best  way  of  performing  the  above  is  described  in  G-  P. 
119^059.  Pipe  R  (fig.  449)  contains  a  central  spindle  a  resting  od 
the  bottom  of  the  apparatus  and  serving  as  guide  for  the  following 
parts.  On  this  is  put  a  pipe  b,  reaching  into  the  contact-pipe. 
Upon  this  is  dropped  a  perforated  plate  or  sieve  c,  upon  which 
enough  contact-mass  is  spread  to  cover  not  merely  the  holes,  but 
also  the  space  between  the  edge  of  the  sieve  and  pipe  R.  Now  a 
small  bit  of  pipe  d  is  dropped  over  a,  on  this  again  a  perforated 
plate  c^,  and  this  is  continued  until  there  is  enough  contact- 
substance  in  the  pipe.  Or  else^  in  lieu  of  pipes  d,  the  sieve-plates 
are  kept  apart  by  small  tripods^  as  in  fig.  450. 


Fig.  449. 


Fig.  460. 


B 


B 


A  recent  patent  of  the  Badische  (E.  P.  6828,  of  1901)  describes 
the  formation  of  a  "  carrier ''  (in  place  of  asbestos)  by  the  inter- 
mediate action  of  an  intimate  mixture  of  an  oxide  or  hydrate  of  & 
fixed  alkali  or  alkaline  earth,  or  salts  of  these  containing  a  volatile 
acid  (HCl,  COj,  acetic  acid,  &c.),  with  a  salt  of  a  volatile  base, 
such  as  ammonia,  and  a  more  difficultly  volatile  acid,  such  as 
sulphuric  or  phosphoric  acid,  at  a  suitable  temperature.  At  such 
a  temperature  double  decomposition  takes  place,  and  the  vapours 
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of  the  volatile  salt  so  formed  on  escaping  impart  a  high  degree  of 
porosity  to  the  non-volatile  salt  remaining  behind.  The  platinum 
may  be  added  to  the  mass  either  before  or  after  heating. 

Another  recent  patent  of  the  same  firm  (No.  12,781,  June  22, 
1901)  states  that  half  of  the  platinum  or  more,  up  to  70  per  cent., 
can  be  dispensed  with  by  dividing  the  process  into  two  stages,  and 
removing  the  SOj  formed  in  the  first  stage  before  submitting  the 
gases  to  the  second  stage.  Otherwise,  with  100  parts  of  platinum 
and  a  total  conversion  of  97  per  cent.,  the  production  of  the  first 
80  per  cent.  SOi  only  requires  15  parts  of  the  total  platinum 
employed,  while  for  the  remaining  17  per  cent.  SOj  85  parts  of 
platinum  are  necessary.  But  if,  after  in  the  first  phase  converting 
80  per  cent,  of  the  SOi  into  S0|,  the  latter  is  removed  by  absorp- 
tion and  the  remaining  gases  are  again  submitted  to  contact-action, 
the  formation  of  SOt  proceeds  again  with  the  same  velocity  as  at 

first,  so  that  the  total  conversion  is =80 +  (20X7771 1 =96  Percent. 

This  is  sufficient  for  practical  purposes,  and  it  takea  only 
15  + 15  =30  parts  of  the  platinum  necessary  for  a  direct  conversion 
of  96  per  cent.  In  the  same  manner  it  is  possible  to  rise  from 
80  per  cent,  in  the  first  phase  to  98  per  cent.,  or  from  90  per  cent, 
in  the  first  phase  to  99  per  cent,  total  conversion. 

A  further  patent  of  the  same  firm  (G.  P.  142,895}  shows  how 
the  spent  contact-substance  may  be  regenerated  by  passing  through 
it  inert  gases,  mixed  with  vapours  of  HCl,  SO),  &c.,  until  the 
impuxitica  have  been  removed. 

Jjast  of  all  we  must  allude  to  the  question  of  absorbim/  the  sulphur 
trioxide  contained  in  the  gases.  It  is  well  known  that  SO,  haa 
much  more  affinity  to  water  than  to  concentrated  sulphuric  acid ; 
in  the  former  case  1  kil.  SOg  liberates  500  calories,  in  the  latter 
(1  kil.  SOj  with  an  excess  of  sulphuric  acid  66°  B.)  only  about 
300  calorics.  It  would  therefore  be  the  most  natural  thing  to 
arrange  a  number  of  vessels  in  such  manner  that  the  absorbing 
acid  is  gradually  less  concentrated  in  the  direction  of  the  gaseous 
current,  that  water  or  dilute  acid  is  run  into  the  last  vessel,  and 
that  fuming  acid  or  acid  of  any  other  desired  commercial 
concentrarion  is  run  out  from  the  first  vessel.  Against  all 
likelihood  such  an  arrangement  does  nol  produce  the  maximum  of 
work.  On  the  contrary,  it  is  very  difficult  to  absorb  SOj  by  means 
of  water  or  dilute  sulphuric  acid;  considerable  quantities  of 
whitish  mist  still  escape  from  the  apparatus,  causing  loss   (and 
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nuisance).  But  it  has  been  found  that  at  a  certain  concentration^ 
between  97  and  98  per  cent.  HsS04^  sulphuric  acid  has  the  property 
of  absorbing  sulphur  trioxide  completely  and  momentarily.  (This 
peculiar  property  of  acid  of  that  special  concentration^  together 
with  its  other  remarkable  properties^  has  been  described  on  p.  175^ 
where  also  Sackur's  explanation  of  the  phenomenon  described  by 
Knietsch  is  given.)  It  is  tlius  possible  to  remove  all  the  SOs  out  of 
the  gaseous  current  by  a  single  absorbing-apparatus^  in  which  the 
concentration  of  the  acid  is  kept  between  97  and  98  per  cent. 
HsS04^  by  continuous  feeding  with  water  or  dilute  acid,  and 
continuous  running  off  of  the  excess  of  strong  acid  formed. 

If  filming  acid  is  to  be  made^  one  or  more  absorbers  are  placed 
in  front  of  the  last.  Here  again  very  peculiar  phenomena  are 
observed.  Whereas  in  the  manufacture  of  hydrated  sulphuric  acid 
cast-iron  vessels  are  very  suitable,  this  is  not  the  case  with  fuming 
acids,  which  do  not  corrode  the  cast-iron  very  much,  but  cause  it 
to  crack  (comp.  p.  206) .  Wrought-iron  is  strongly  corroded  by 
fuming  acids  of  less  than  27  per  cent.  SOg,  as  is  explained  by  its 
electric  conductivity  (p.  175).  Above  27  per  cent.  SOg  the  acid 
renders  wrought-iron  entirely  passive,  and  such  apparatus  can  be 
used  for  many  years  for  the  manufacture  of  strongly  fuming  O.V., 
above  27  per  cent.  SOg.  Thus  also  fuming  acid  almost  entirely 
free  from  iron  can  be  made  (O'OOS  to  0*001  per  cent.  Pe) . 

The  American  patent  of  R.  Knietsch,  No.  692,018,  of  Jan.  28, 
1902,  contains  a  synopsis  of  the  various  operations,  and  is  shown 
in  fig.  451.  Sulphur  dioxide  is  taken  from  the  supply  A  through 
the  drying-train  B  into  the  '^  induction  separator  **  C,  in  which 
the  gas  is  mixed  with  air  from  the  pump  D ;  the  mixed  gases  then 
enter  the  washer  E,  a  leaden  vessel  from  the  top  of  which  is 
suspended  a  hood  having  serrated  edges  dipping  into  sulphuric  acid 
of  66^  B. ;  a  pressure-gauge  afi^ed  to  the  entrance  and  another 
to  the  exit  show  the  respective  pressures.  The  gases  then  pass 
through  the  *' stripper'*  P,  similarly  formed  to  the  washer,  but 
containing  no  liquid  except  such  sulphuric  acid  as  may  be  deposited 
by  the  gases,  which  next  enter  the  contact-chamber  H  and  then 
the  absorber  I  of  wrought-iron  (having  a  serrated  suspended  hood 
of  the  same  metal  containing  sulphuric  acid  of  66^  B.,  which  thus 
becomes  fuming  acid  by  absorption  of  SOg) .  The  absorber  I  is 
immersed  in  a  cooling-vessel.  The  second  absorber  J  is  of  a  similar 
construction,  but  is  made  of  cast-iron ;  it  contains  sulphuric  acid 
of  58°  B.,  which,  when  brought  up  to  66*^  B.  by  the  SOg  reaching 
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G  and  K  are  testiag- 


it,  is  available  £or  recharging  absorber  I. 
apparatus. 

The  contact-furnace  H  is  eeparatelj  shown  in  fig.  452.     1  is  a 
central  tubular  contact>chamber,  jacketed  by  the  annular  passage  Z 

Rg.  452. 


and  surrounded  b;  insulating  material  4.  The  sheet-iron  tube  3, 
forming  the  annular  passage,  is  pierced  to  form  a  scries  of  port- 
holes, 14,  15,  and  16,  each  series  being  provided  with  two  indepen- 
dent semicircular  covers,  38, 39,  and  40,  governing  separate  halves 
of  the  series,  by  which  admission  of  air  for  regnlatiog  the  heat  is 
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controlled,  the  heat  being  supplied  From  the  gas-burner  18  and  the 
annular  barners  17  and  19.  The  micBrCOTered  peep-boles,  22, 
enable  observations  to  be  made  of  the  colour  attained  within, 
which  should  be  a  dull  red  opposite  the  upper  portion  of  the  contact- 
material.  Directions  are  given  for  regulating  the  temperature  as 
indicated  at  10,  14,  and  87.  In  the  contact-material  holder,  the 
rod  24,  removable  from  the  top  on  withdrawing  the  cover  8,  has 
strung  upon  it  a  series  of  perforated  iron  plates,  23  (figs.  453 
and  454),  distanced  by  sections  of  piping,  25,  and  the  bottom  plate 
is  distanced  from  the  nut  26  on  the  bottom  of  the  rod  b;  the 
section  of  piping  27  ;  this  latter  section  in  charging  the  apparatus 
is  dropped  down  the  rod  followed  by  a  perforated  plate,  on  to 
which  is  scattered  a  certain  quantity  of  10  per  cent,  platinized 
asbestos  ;  one  of  the  piping  sections  is  then  dropped  into  position 
and  a  perforated  plate,  and  so  on  until  the  apparatus  is  charged. 
This  apparatus  is  stated  to  have  accomplished  an  average  inversion 
of  95'9  per  cent,  while  making  sulphuric  anhydride  at  a  stated  rate, 
the  gases  used  containing  11*6  per  cent.  SOj. 

The  B.  P.  No.  10,729, 23rd  May,  1901,  of  the  Badische  A.  &  S. 
Fabrik  prescribes  the  use  of  the  oxides  of  iron,  copper,  or  chromium 
as  substrata  for  platinum  black,  to  be  produced  per  example,  as 
follows ; — 145  parts  of  burnt  pyrites,  entirely  free  firom  arsenic 
(this  is  essential)  in  pieces  about  the  size  of  a  pea,  screened  so  as 
to  be  free  from  dust,  are  impregnated  with  30  parts  of  a  solution 
of  platinum  chloride  containing  17  grams  platinum  to  the  litre. 
The  resulting  product  can  be  used  at  once  as  a  catalyzer,  or  may 
first  be  heated.  Such  bodies  are  not  molecular  mixtures  like 
those  obtained  by  means  of  organic  fabrics  (comp.  Porter's  patent, 
infra),  but  are  formed  of  grannies  of  metallic  oxides  covered 
with  a  layer  of  platinum.  The  catalytic  action  of  the  platinum 
is  supported  or  increased  by  that  of  the  oxides,  and  the  product 
acts  at  least  as  well  as  platinized  asbestos.  These  contact-bodies 
are  cheap,  offer  great  resistance  to  heat  and  chemical  action,  and 
require  no  specnal  arrangements  for  preventing  the  pressure  on  the 
contact-material  from  forming  an  impermeable  mass. 

The  annual  production  of  sulphuric  anhydride  at  the  Ludwigs- 
hafen  works  of  the  Badische  is  stated  by  Knietsch  : — 
In  1888=   18,500  tuns. 
„  1894=  39,000     „ 
„  1899=  89,600    „ 
„  1900  =  116,000    „ 

VOL.  I.  3  u 


1026  MANUFACTURE  OF  FUMING  OIL  OF  TITBIOL. 

The  following  commnnication,  made  to  me  directly,  by  the 
Badische  Anilin-  und  Sodafabrik,  is  here  given  verbatim  as 
transmitted  to  me  by  the  firm. 

Contribution  to  Lunge's  Text-book,  8rd  Ed, 

In  a  lecture  delivered  before  the  German  Chemical  Society  (cf. 
Berichte,  1901,  vol.  xxxiv.  p.  4079),  B.  Enietsch  has  already  made 
detailed  communications  as  to  inventions  of  the  Badische  Anilin- 
und  Sodafabrik  in  the  field  of  the  manufacture  of  sulphuric  acid 
by  the  contact-process,  and  as  to  the  position  which  must  be 
attributed  to  these  inventions  in  the  general  history  of  the  contact' 
process.  The  following  additional  facts  are  supplied  at  the  desire 
of  the  author  of  this  book  by  way  of  supplement  to  the  publication 
mentioned. 

We   originally  procured   the   fuming   sulphuric   add  that  we 
required    for    the    production    of   our    colouring-matters    from 
J.  D.  Starck  in  Bohemia,  as  did  also  all  other  colour  factories. 
In     the    year     1875,    Winkler     published    his     epoch-making 
proposal  to  use  the  mixture  of  SO2  and  O  in  their  combining 
proportions,  as  obtained  by  the  decomposition  of  ordinary  con- 
centrated sulphuric  acid  at  a  red-heat  and  removal  of  the  aqueous 
vapour,  in  the  manufacture  of  fuming  sulphuric  acid  according  to 
the  contact-process    by  passing  the  mixed  gases  over  platinized 
contact-substances.     We  at  once  adopted  this  process,  but  there 
were  such  considerable  difficulties  in  effecting  the  process  on  the 
manufacturing  scale  that  we  proceeded  to  experiment  with  burner- 
gases.     These  experiments  were  begun  in  the  year  1881,  as  we  can 
see  from  our  records,  and  were  carried  on  uninterruptedly,  although 
for  a  time  we  were  licensed  to  use  the  process  of  Schroder  and 
Hanisch,  which  starts  from  gas    containing   approximately  one 
hundred  per  cent,  of  sulphur  dioxide.     This  process  was  tried,  but 
subsequently  dropped. 

The  introduction  of  the  use  of  burner-gases  in  the  contact- 
process  required  the  solution  of  a  series  of  further  preliminaiy 
problems,  and  the  very  unfavourable  results  which  were  at  first 
obtained  were  really  such  as  to  leave  but  little  hope  of  any  success 
when  using  burner-gases,  and  the  idea  of  replacing  the  lead- 
chamber  process  by  the  contact-process  was  apparently  altogether 
out  of  the  question.     At  that  time  it  would  have  been  regarded  as 
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highly  satisfactory  if  it  had  been  possible  when  using  burner-gases 
to  replace  the  complicated  and  expensive  Winkler  process  for 
producing  fuming  sulphuric  acid  by  a  simpler  and  cheaper  process. 
The  turning  point  in  our  experimental  work  was  only  reached  when 
R.  Knietsch  in  our  laboratory  made  the  pioneer  inventions^  which 
are  described  in  the  lecture  already  referred  to  (comp.  supra 
p.  1012).  These  were  based  upon  entirely  new  observations  and 
experimental  results. 

As  stated  in  the  lecture^  there  are  inventions  with  reference  to 
all  the  stages  of  the  contact-process^  especially  with  reference  to 
the  preliminary  treatment  of  the  gases  (absolute  purification  from 
deleterious  ingredients),  the  actual  contact-process  (cooling  the 
contact-mass  and  working  without  pressure  and  apparatus  for 
these  purposes),  and  to  the  absorption.  The  technical  success  of 
these  inventions  entirely  surpasses  anything  that  was  deemed 
possible  from  the  state  of  the  art  at  that  time,  as  shown  by  the 
literature  of  the  subject  and  by  the  results  obtained  in  practice. 
These  inventions  have  resulted  in  the  possibility  not  merely  of 
producing  fuming  or  ordinary  concentrated  sulphuric  acid  far 
cheaper  than  was  formerly  the  case^  but^  further,  it  is  possible  to 
substitute  with  advantage  the  contact-process  for  the  lead-chamber 
process  in  the  manufacture  of  ordinaiy  chamber-acid. 

It  is  sufficient  for  us  to  refer  to  the  report  of  the  lecture  in  the 
'  Berichte '  for  the  details  of  the  invention,  and  in  this  report  the 
literature  of  the  subject  and  the  views  that  were  taken  by  technical 
men  are  summarized  *.  By  way  of  supplement  to  the  literature 
there  noticed,  we  will  here  only  mention  that  all  that  was  known 
of  the  process  carried  out  at  Freiberg  previous  to  the  lecture  of 
Winkler  in  Hanover  in  1900  {cf.  Zeitschrift  fur  angew.  Chemie, 
1900, p.  731) is  the  communication  of  Schnabel  in  his  ^Text-book 
of  General  Metallurgy,'  1st  edition,  1890,  p.  516.  The  passage 
runs  as  follows : — 

^^  The  fumes  from  the  calcining-fumaces,  which  can  be  used  for 
the  manufacture  of  sulphuric  acid,  can  also  be  employed  for  the 
production  of  sulphuric  anhydride.  This  is  effected  at  Freiberg 
with  a  small  proportion  of  the  roaster-gases.     These  are  at  first 

*  It  is,  however,  unfortunately  the  fact  that,  even  in  text-books  published 
since  the  lecture,  mistaken  descriptions  are  given  of  the  fundamental  principles 
and  the  nature  of  our  inventions.  (See,  for  instance,  the  latest  edition  of  the 
*  Text-book  of  Chemical  Technology '  bj  Ferdinand  Fischer,  publishedin  190*S. ) 

3u2 
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dried  by  passing  them  up  towers  whilst  a  spray  of  concentrated 
sulphuric  acid  descends  in  the  opposite  direction^  then  the  gasc^ 
enter   closed   heated    vessels    containing  the  platinized  asbestos. 
Here,  in  consequence  of  the  catalytic  action,  sulphuric  anhydride 
is   formed    from   the   sulphurous  acid  and  oxygen.     The  fumes 
containing  the  anhydride    then  enter  a  tower  in  which  concen- 
trated sulphuric  acid  drips  down  and  absorbs  the  anhydride^  and 
the  anhydride  is  distilled  off  from  the  liquid  so  obtained.     The 
gases  leaving  the  absorption-towers  still  contain  sulphurous  acid. 
This  is  passed  into  the  lead  chambers  together  with  the  other 
burner-gases  intended  for   the  manufacture  of  sulphuric  add. 
The  earlier  experiments  on    the  conversion   of  sulphurous  acid 
from  the  calcining-f umaces  into  sulphuric  acid  by  catalytic  action 
had    a    negative   result   until    Winkler  introduced   the    process 
described/'  * 

By  the  introduction  of  our  invention  into  our  factory  on  the 
large  scale^  we  have  been  in  a  position  since  the  early  nineties  to 
outdo  our  competitors  in  the  home  market^  not  only  with  fuming, 
but  also  with  concentrated  sulphuric  acid.  But  the  attainment  of 
the  great  object  which  we  deliberately  aimed  at,  namely,  to  improve 
the  new  process  so  that  even  for  the  manufacture  of  ordinarv 
dilute  sulphuric  acid  it  should  become  superior  to  the  lead-chamber 
process,  required  still  further  energetic  work. 

During  this  period  of  the  development  an  event  occurred  which 
threatened  to  deprive  us  of  a  great  part  of  the  fruits  of  the  labours 
which  we  had  been  carrying  out  with  such  great  pains  for  many 
years,  and,  to  a  certain  extent,  we  must  admit  that  we  have 
suffered  loss.  Our  first  intimation  as  to  the  matter  referred  to 
came  from  various  factories  that  supply  us  with  our  apparatus. 
They  informed  us  that  a  Dutch  factory  for  the  manufacture  of 

*  We  take  this  opportunity  of  remarking  that  this  passage  reappears  in  similar 
form  in  the  2nd  edition  of  Schnabel's  Text-book  just  issued,  1903,  p,  584. 
There  is  the  further  information  that  when  using  this  process  only  about  half  of 
the  sulphurous  add  contained  in  the  gases  was  converted  into  anhydride.  After 
this,  the  advances  secured  by  our  process  are  discussed,  p.  686  (compare  a  cai^fiil 
purification  of  the  roaster-gases  from  all  admixtures  which  are  deleterious  in  the 
process  and  a  suitable  arrangement  of  the  contact-apparatus).  It  is  true  that  our 
name  and  our  patents  are  not  mentioned,  and  there  is  the  further  remark  that  the 
production  of  chamber-acid  by  the  contact-process  is  dearer  than  by  the  chamber- 
process,  but  the  additional  explanations  that  we  give  will  show  this  statement  is 
not  true  in  the  general  form  in  which  it  is  made. 
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sulphuric  acid  had  ordered  apparatus  for  the  manufacture  according 
to  the  catalytic  process,  and  the  drawings  sent  in  showed  that  part 
of  the  apparatus  required  was  identical,  and  part  agreed  in  essential 
points,  with  the  peculiar  sulphuric-acid  apparatus  that  existed 
solely  in  oar  factory.  There  could  be  no  doubt  that  there  had 
been  a  betrayal  of  our  factory  secrets,  and  we  immediately 
suspected  a  mechanic,  Carl  Daub,  who  had  been  engaged  in 
mounting  the  plant  of  a  new  sulphuric-aeid  factory,  and  had  been 
dismissed  from  the  workstowards  theendof  1895.  This  suspicion 
has  proved  to  be  fully  correct,  for  it  was  found  that  this  workman 
whilst  in  our  factory  systematically  spied  out  our  sulphuric-acid 
process,  which  was  treated  as  a  strict  secret,  as  far  as  he  possibly 
could.  He  also  made  copies  of  drawings  and  the  like.  Together 
with  hia  brother  Friedrich  Daub,  who  was  engaged  as  a  chemist 
in  the  Dutch  factory  referred  to,  and  who  assisted  him  in  formu- 
lating the  questions  to  be  put  to  the  workmen  in  the  sulphuric- 
acid  department,  he  endeavoured  to  make  capital  out  of  his 
illegitimate  knowledge  and  immediately  after  leaving  us  he  entered 
the  Dutch  factory.  After  this  Friedrich  Daub  sent  offers  to  all 
important  sulphuric-acid  factories  here  and  abroad,  offering  "  his  " 
process  for  sale  and  explaining  that  it  was  identical  with  that 
carried  out  by  us.  Later  on  he  advertised  quite  openly  in  the 
trade  papers.  Although  the  circumstances  and,  in  part,  the  nature 
of  the  communication  offered  could  leave  little  doubt,  in  the 
minds  of  all  concerned  in  the  matter,  that  this  was  a  case  of 
betrayal  of  factory  secrets,  nevertheless  several  factories  entered 
into  negotiations  and  received  in  the  correspondence  that  followed, 
or  in  the  verbal  negotiations,  the  assurance  that  Carl  Daub  had 
been  engaged  in  our  factory  for  several  years  and  had  a  "  most 
thorough  "  knowledge  of  our  apparatus,  and  that  "  although  the 
drawings  had  perhaps  not  been  obtained  in  the  most  respectable 
('  nobel ')  manner,  still  it  was  not  to  be  feared  that  the  Badische 
Anilin-  and  Sodaf  abrik  could  take  any  steps."  In  this  connection 
drawings  which  agreed  more  or  less  with  our  arrangements  were 
laid  before  the  would-be  customers  under  the  condition  of  secrecy. 
It  is  hardly  within  the  scope  of  this  communication  to  mention 
the  steps  that  were  taken  against  the  brothers  Daub,  and  with 
reference  to  the  firms  who  were  in  negotiation  with  them.  We 
will  only  mention  that  amongst  other  things  we  sent  a  circular 
to  all  interested  parties,  and  in  this  way,  iti  a  number  of  cases,  the 
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negotiations  that  had  been  begun  were  broken  off,  whilst^  on  the 
other  hand^  a  few  firms^  amongst  them  the  Dutch  firm  mentioned 
and  other  sulphuric-acid  factories  abroad^  entered  into  agreements 
with  the  brothers  Daub  and  were  not  ashamed  to  acknowledge 
this. 

Fortunately^  the  information  as  to  our  process  which  the  Daubs 
had  obtained  by  spying  was  imperfect^  and  in  part  false,  probably 
especially  owing  to  the  dismissal  of  Daub  before  he  had  fully 
ascertained  our  secrets^  and  owing  to  the  fact  that  his  intention 
to  carry  on  further  correspondence  with  our  workmen  was  frus- 
trated. Stilly  the  practical  success  of  our  inventions,  as  also,  for 
instance^  the  existence  of  contact-stoves  which  work  automatically 
and  of  our  effective  purification-plant  for  burner-gases,  became 
known  through  the  treachery  of  Daub.  The  certainty  that  there 
was  a  process  of  such  efficiency  that  it  was  possible  to  replace  the 
chamber-process  was  alone  sufficient  to  excite  a  large  number  of 
persons  to  the  endeavour  to  obtain  for  themselves  a  share  in  the 
new  achievements.  Ideas  and  plans  which  had  been  partly  or 
entirely  abandoned,  as  no  practical  success  could  be  hoped  from 
them,  were  immediately  reconsidered  after  it  became  known  that 
such  success  was  really  possible,  and  from  that  time  on  a  flood 
of  patent  applications  set  in  in  all  countries.  It  was  therefore 
obviously  desirable  in  our  interest  to  draft  immediately  an 
account  of  our  work  and  publish  it  in  the  form  of  patents; 
but  after  we  had  published  the  fundamental  inventions  in  this 
way,  and  after  the  greatest  difficulties  had  been  overcome, 
those  inventions  had  the  look  of  being  very  simple  and  clear, 
and  the  phenomenon  recurred  which  has  been  observed  in  the 
case  of  so  many  epoch-making  inventions,  namely,  that  others 
who  had  worked  with  less  success  now  saw  clearly  the  essentials 
for  success.  The  causes  of  failure  of  their  own  experiments  and 
the  reasons  for  our  successes  and  our  process  itself  now  appeared 
quite  a  ^'  matter  of  course,'^  and  this  the  more  readily,  because  it 
is  a  fact  that  many  ideas  of  similar  nature  had  from  time  to  time 
been  under  consideration,  although  indeed,  on  account  of  the 
apparent  hopelessness  of  the  problem,  they  had  not  been  worked 
out  in  detail.  As  a  consequence,  in  the  oppositions  that  were 
raised  against  the  grant  of  our  patents,  the  statement  was  made 
again  and  again  that  the  processes  described  and  the  observations 
and  experiments  on  which   they  were  based  were  not  new,  and 
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even  where  processes  had  to  be  acknowledged  aa  novel,  still  in 
some  cases  they  were  described  as  "  almost  obvious  and  a  matter 
of  course."  This  is  absolutely  unjustified,  as  is  already  obvious 
from  the  univeraally  acknowledged  pre-eminent  success  achieved 
by  our  processes,  which  has  been  characterized  by  Clemens 
Winkler  as  "  weltbewegend  " — an  expression  difficult  to  translate, 
but  which  implies  the  creation  of  a  sensation  throughout  the 
world  (see  '  Zeitschrif t  fur  angewandte  Chemie,'  1900,  p.  737) . 

We  will  in  the  first  place  deal  with  the  perfect  purification  of 
tecbnical  gas- mixtures  containing  sulphurous  acid  (especially 
burner-gases)  up  to  a  point  defined  by  us  at  which  an  optical  aud 
chemical  test  is  satisfied  (German  Patent,  113,933 ;  English 
Letters  Patent,  No.  15,948,  1898;  American  Patent,  687,770). 
It  appears  on  the  face  of  these  patents  that  before  our  invention 
not  even  the  necessity  for  the  absolute  purity  of  the  gases  in  the 
defined  sense  was  recognized,  and  further,  of  course,  no  means 
were  known  for  carrying  the  purification  to  such  a  high  degree. 
The  necessity  for  such  purity,  and  the  means  to  be  adopted  for 
achieving  it,  could  not  be  known,  because  it  was  first  necessary 
that  the  deleterious  action  of  some  of  the  admixed  impurities 
should  be  recognized,  and  some  of  these  impurities,  such  as  small 
quantities  of  sulphur  or  sulphuric-acid  mist,  owing  to  their  nature, 
and,  further,  traces  of  arsenic,  on  account  of  its  volatility  at  the 
temperature  of  the  contact-process,  could  not  be  regarded  as  in 
any  way  dangerous.  Before  the  specific  poisons  for  the  platinum 
contact- apparatus,  iu  particular  arsenic,  had  been  discovered,  Bud 
the  fact  that  sulphur  and  sulphuric-acid  mist  served  as  carriers 
for  these  contact-substance  poisons,  and  acted  in  just  as  deleterious 
a  manner  on  the  contact-mass,  there  was  absolutely  no  reason  to 
consider  means  for  fully  removing  these  substances,  and  these 
considerations  had  greater  force  because  it  was  generally  believed 
that  when  working  with  tecbnical  buruer-gases  from  pyrites  it 
was  in  the  nature  of  things  impossible  to  achieve  a  quantitative 
conversion  of  the  sulphurous  acid  into  SO,. 

But  even  after  the  necessity  for  this  absolute  purification  from 
deleterious  ingredients  had  been  recognized,  a  great  step  was 
necessary  before  a  serviceable  process  for  this  operation  could  be 
discovered.  When,  therefore,  the  necessity  for  this  perfect  puri- 
fication of  the  gases  and  mean^  for  effecting  the  operation  were 
suhseqiiently  declared  by  third  parties  to  be  known  or  almost 
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obvious,  it  must  be  borne  in  mind  that  prior  to  our  invention  the 
purification  of  burner-gases  bad  in  no  case  been  carried  further 
than  the  removal  of  coarse  impurities  (the  greater  quantity  of  the 
flue-dust),  whilst  the  complete  removal  of  flue-dust  and  of  the 
admixtures  in  the  contact-gases  which  at  high  temperatures  exist 
in  the  form  of  vapours,  mist,  or  gases  had  not  been  achieved  in 
cases  where  it  had  been  attempted  at  all,  and  in  the  opinion  of 
the  highest  authorities  on  this  art  (Lunge,  Winkler,  Schnabel] 
was  regarded  as  absolutely  impossible  *. 

We  have  been  confronted  with  the  process  for  the  production 
of  pure  sulphurous  acid  from  burner-gases  of  the  German  Patent, 
No.  26,181  (Hanisch  and  Schroder)  ;  but  this  has  nothing  in 
common  with  our  process  for  purifying  the  burner-gases,  for, 
quite  apart  from  the  complicated  and  expensive  method  of  ab- 
sorbing the  sulphurous  oxide  in  water  and  then  expelling  it  again 
by  boiling,  this  process  does  not  on  the  one  hand  in  any  way 
involve  the  same  fundamental  intention  as  ours — namely,  to 
remove  irom  the  burner-gases  just  those  substances  which  are 
deleterious,  which,  however,  at  that  time  were  not  even  known  to 
be  deleterious.  Again,  according  to  this  process,  which  had  for 
its  end  the  production  of  pure  sulphurous  acid  for  other  purposes, 
concentrated  sulphurous  acid  containing  nearly  one  hundred  per 
cent.  SO2  is  obtained,  and  in  order  to  make  this  applicable  for 
the  contact-process  this  has  to  be  mixed  with  oxygen  or  air,  whilst 
according  to  our  process,  apart  from  the  deliberately  purposed 
removal  of  all  deleterious  impurities,  they  are  not  changed  in  their 
composition,  but  contain  SO9,  O,  and  N  in  the  same  proportions. 

We  will  now  deal  with  another  constantly  recurring  objection, 

*  Immediately  before  our  application  for  a  patent  for  this  process  was 
filed,  there  was  one  in  full  accordance  with  this  view  (patent  No.  102,204, 
17th  May,  18d8,  of  the  Aktien-Gesellschaft  fiir  Zinc  Industrie,  vorm.  Grillo  in 
Oberhausen,  and  Dr.  Max  Schroeder,  DUsseldorf).  The  application  referred  to 
the  production  of  contact-bodies  that  could  be  readily  regenerated,  and  as  the 
reason  for  the  invention  the  statement  is  made  that  **  the  bumer-gaaes  always 
contain  some  flue-dust,  even  after  careful  purification,  and  consequently,  in 
course  of  time,  the  contact-bodies  become  covered  with  a  layer  of  almost 
imperviouF  matter,  and  this  diminishes  their  effect."  The  applicants  for  this 
patent  had,  however,  in  no  way  apprehended  the  existence  of  the  specific 
poisons  for  contact-substances,  such  as  arsenic,  which  were  discovered  by  us, 
and,  even  after  our  inventions  were  published,  the  firm  named  directly  contended 
that  arsenic  was  not  injurious  to  the  contact-mass.  (Gomp.  Joum.  Soc.  Chem. 
Ind.  lOaS,  p.  850. 
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viz.  the  fact  that  it  had  already  been  observed  that  arsenic  has  a 
deleterions  action  on  platinum  sponge  as  used  in  the  Dobereiner 
igniting-apparatus.  Those  who  wished  to  regard  this  as  affecting  in 
any  way  the  novelty  of  our  process  ignored  the  fact  that  this  little 
apparatus  not  only  deals  with  quite  a  different  chemical  process 
Ax)m  that  under  consideration^  but  also  that  in  this  igniter  the 
platinum  has  to  become  heated  from  the  temperature  of  the  air 
to  the  temperature  at  which  hydrogen  ignites^  whilst  the  require- 
ments in  respect  to  temperature  in  the  contact-process  in  the 
manufacture  of  sulphuric  acid  are  altogether  different.  Analogy 
cannot  be  relied  upon  in  this  field  of  work ;  for  instance^  palladium, 
which  belongs  to  the  same  group  of  elements  as  platinum^  behaves 
towards  hydrogen  in  a  similar  manner  to  it,  while  it  is  practically 
altogether  inapplicable  for  the  union  of  SOj  and  O. 

We  can  state  with  satisfaction  that  the  German  Imperial  Patent 
Office  accepted  our  arguments  as  to  the  novelty  of  our  process  and 
the  observations  upon  which  it  is  based,  and  granted  us  the  patent 
for  the  purification  process  without  any  limitations,  as  applied  for 
by  us,  rejecting  the  oppositions  in  both  instances. 

In  view  of  the  fact  that  the  means  devised  by  us  for  effecting 
the  purification  were  new,  and  based  on  the  discovery  of  new 
fundamental  principles,  it  is  a  matter  of  course  that  other  and 
similar  means  of  achieving  the  purification  should  fall  within  the 
scope  of  our  patents.  Our  process,  for  instance,  can  be  carried 
out  in  such  a  way  that  the  intimate  contact  of  the  gases  and  the 
washing-liquid  is  brought  about,  instead  of  by  washing,  as  we 
had  done,  by  the  essentially  identical  process  of  wet  filtering. 
We  have  already  used  this  process  with  complete  success  for  the 
process  in  question  {cf,  'Berichte,'  xxxiv.  p.  4081). 

It  has  also  been  urged  against  our  cooling-process  (German 
Patent,  No.  113,932;  English  Letters  Patent,  No.  15,497  and 
No.  15,949  of  1898  ;  American  patents,  Nos.  652,119,  1900, 
688,020,  1901,  688,469/72,  1901,  690,062,  1901,  and  692,018, 
1902),  in  the  oppositions  that  were  raised  against  the  grant  in 
Germany,  that  it  was  destitute  of  novelty  and  almost  obvious. 

The  novelty  and  originality  of  the  cooling-process  can  be  seen 
at  once  from  the  state  of  the  art  as  shown  in  the  literature  at  that 
time.  It  appears  from  the  literature  that  it  was  known  that  the 
contact-process  could  only  be  effected  at  an  elevated  temperature, 
and  that  it  was  consequently  necessary  to  heat  the  apparatus,  and, 
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with  reference  to  the  temperature  of  the  contact-substance,  the 

only  point  to  which  attention  had  been  called  was  economy  of 

fuel.     For  this  purpose  endeavours  were  made  to  avoid  a  special 

heating  of  the  contact-apparatus  by  surrounding  it  with  heated 

gases  whose  heat  would  otherwise  have  been  lost.     Or,  again,  the 

gases  entering  upon  the  reaction  were  permitted  to  enter  the 

contact-apparatus  at  a  sufficiently  high  temperature  to  make  a 

further  heating  unnecessary  {cf.  2nd  edition  of  this  Text-book, 

vol.  iii.  p.  815).     In  this  connection  it  must  be  borne  in  mind 

that   the  apparatus  described   in  that   place  ^  was  intended  for 

working  up  gases  containing  about  25  per  cent,  of  SO2,  and  not 

for  burner-gases,  so  that  the  heat  of  reaction  developed  in  this 

case  would  have  caused  a  far  higher  rise  of  temperature  than  that 

which  occurs  when  ordinary  burner-gases  containiug  from  6  to  8 

per  cent,  by  volume  of  SO^  are  used.     Even  though  it  is  to  be 

regarded  as  known  that  the  temperature  of  the  contact-apparatus 

should  not  rise  '^  altogether  too  high/^  nevertheless  there  is  no 

known  mention  anywhere  in  literature  of  a  cooling-operation,  far 

less  of  any  deliberate  and  intended  cooling  of  the  apparatus.     The 

universal  belief  was  that  if  the  percentage  of  conversion  decreased, 

partly  owing  to  the  action  of  the  contact-poisons,  which  were 

then  unknown,  or  partly  in  consequence  of  the  heat  of  reaction 

causing  the  deleterious  overheating  of  the  contact-mass,  which 

was  also  unknown,  then  the  reason  was  that  the  ultimate  capacit? 

of  the  contact-mass  had  been  reached,  and  that  therefore  if  the 

same  percentage  conversion  was  required,  the  current  of  gas  must 

be  made  slower.     So  long  as  the  work  was  conducted  on  these 

principles^  namely,  that  of  heating  the  contact-apparatus,  or  at 

least  preventing  cooling  as  far  as  possible,  it  is  obvious  that  the 

quantity   of  gas   that   could   be   treated,  and   consequently  the 

efficiency  of  the  apparatus,  must  be  relatively  very  limited^  as  can 

now,  after  the  publication  of  our  process,  be  readily  understood  bj 

everyone  skilled  in  the  manufacture. 

The  apparatus  described  in  the  English  Patent,  No.  3166  of 
1888  (EUice-Clark),  also  employs  the  principle  above  mentioned 
of  heating  the  contact-apparatus,  and  in  this  case  the  heating  was 
effected  by  the  waste  heat  of  the  pyrites-burners.     In  this  patentj 

*  We  should  like  to  state  that  up  to  the  present  day  we  know  of  no  facton 
in  which  this  apparatus  was  ever  in  practical  use. 
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which  is  only  mentioned  casually  in  the  second  edition  of  this 
book,  the  inventor,  George  Lunge,  directs  that  "  the  temperature 
in  that  part  of  the  apparatus  where  the  union  of  SO2  and  O  takes 
place  must  be  carefully  regulated,  and  not  be  too  high  or  too  low, 
preferably  at  or  under  a  dark  red-heat/'  This  corresponds  simply 
to  that  which  was  known  up  to  that  time  in  this  respect  {cf; 
Squire's  English  Patent,  No.  3278  of  1875).  The  contact-tubes, 
even  though  their  temperature  is  to  be  regulated,  are  in  this  case, 
just  as  in  every  previous  case,  heated  by  the  heat  of  the  pyrites- 
burners,  and  not  in  any  way  cooled.  In  this  patent  also  there  is 
no  suggestion  whatever  that  a  special  temperature  favourable  for 
the  contact-process  shall  be  brought  about  by  cooling. 

We  have  shown  that  our  process,  based  upon  the  principle  of 
cooling,  is  a  completely  new  one,  and  opens  up  a  course  that  was 
previously  entirely  unknown;  but  the  great  technical  advance  that  is 
secured  by  the  invention  of  the  German  patent  No.  113,932  (English 
Patents,  Nos.  16,497  and  15,949  of  1896;  Amer.  Patents,  Nos. 
652,119,  1900,  688,020,  1901,  688,409/72,  1901,  690,062,  1901, 
and  692,018,  1902)  results  from  the  fact  that  in  place  of  a  crude 
empirical  method  of  working  based  upon  a  diminution  of  the 
efficiency  of  the  apparatus,  a  quite  new  inventive  idea  and  a 
method  of  working  of  the  greatest  importance  are  adopted,  whereby 
the  work  is  rationally  conducted  and  the  well-understood  efEects 
are  deliberately  caused.  This  new  method  of  working  is  the 
regulated  external  cooling  of  the  contact-apparatus  ;  by  this 
means  the  heat  of  reaction,  which  is  the  cause  of  the  deleterious 
overheating  of  the  apparatus  and  consequent  dissociation  of  SOg; 
is  removed,  with  the  result  that  the  same  quantity  of  contact- 
substance  can  now  deal  with  a  considerably  larger  quantity  of  gas, 
and  the  efficiency  of  the  apparatus  is  raised  to  the  highest  possible 
degree.  There  is  the  further  technical  advantage  that  the  cooling 
can  be  effected  by  the  reaction-gases  themselves,  so  that  these 
need  not  be  preliminarily  heated  for  the  subsequent  conversion. 

It  can  be  seen  from  this  that  in  our  cooling-process  the  heat  of 
reaction  can  simultaneously  be  used;  but  it  should  be  observed 
that  the  method  of  working  in  using  the  heat  of  reaction,  as  can 
be  seen  from  what  has  been  said  without  further  explanation, 
differs  entirely  in  principle  from  that  described  in  the  German 
patent  No.  105,876  (English  Letters  Patent,  No.  6057  of  1898), 
in  which  the  heat  contained  in  the  reaction-gases  which  have 


1036  MANUFACTURE  OF  FUMINO  OIL  OF  VITRIOL. 

already  left  the  contact-stove  is  used^  whilst  the  removal  of  the 
excess  heat  of  reaction  during  the  reaction,  and  consequently  the 
increase  in  the  efficiency  of  the  apparatus,  cannot  possibly  be 
effected. 

By  the  use  of  our  cooling-process,  not  only  is  the  achievement 
of  a  higher  degree  of  conversion  of  SOj  into  SO3  (96  to  98  per 
cent.)  secured  than  has  hitherto  been  effected,  but  also,  and  this 
is  just  as  important,  simultaneously  the  efficiency  of  the  contact. 
mass  is  used  up  to  its  utmost  limit. 

But  it  is  not  to  be  thought  that  this  effect  is  in  any  way  acliieved 
by  maintaining  a  definite  uniform  temperature  in  all  parts   of  the 
contact-apparatus.     In  none  of  our  patents  do  we  prescribe  the  use 
of  a  definite  uniform  temperature ;  on  the  contrary,  in  the  examples 
we  quote  we  only  mention  the  temperature  of  the  gas  entering  and 
of  that  leaving  the  apparatus.    In  view  of  the  nature  of  the  contact- 
process  and  the  cooling-process,  especially  when  th6  cooling  is 
effected  by  a   counter   current,  it  is   impossible   to  maintain   a 
uniform  temperature  throughout  the  contact-apparatus.     If  the 
advantages  of  our  cooling-process  with  respect  to  the  efficiency  of 
the  contact-mass  are  to  be  fully  enjoyed,  an  exceedingly  vigorous 
reaction    will    take   place   in   the   first   layers   of   the  contact- 
mass,  in  consequence  of  the  great  burden  that  is  thrown  upon 
them,  and  consequently   at   these   first   layers  there  is  a  rapid 
rise  of  temperature.     By  the  external  cooling  the  heat  is  gradually 
removed  as  the  gases  pass  on,  and  so  the  temperature  is   again 
brought  to  the  stage  at  which  the  most  perfect  conversion  takes 
place  (see  also  the  curve  showing  the  velocity  of  the  reaction  in 
the '  Berichte,'  1901,  p.  4098).     The  temperature  in  the  interior 
of  the  contact-chamber,  as  employed  in  manufacturing  on  the  large 
scale,  rises  rapidly  to  a  maximum,  which  occurs  when  the  gases 
have  passed  through  approximately  one  quarter  of  the  contact-mass. 
From  this  maximum  it  gradually  falls  to  about  380°  or  450°  C, 
between  which  temperatures  the  conversion  of  from  96  to  98  per 
cent,  is  possible.     It    is  wrong,  therefore,  to  imagine   that  our 
cooling-process  proceeds  as  a  matter  of  fact  at  any  definite  tem- 
perature  or   between    narrowly   limited    temperatures,   and    the 
most  favourable  conditions  of  temperature  must  be  determined  for 
each  single  case.     Direct  observations  upon  apparatus  that  have 
been  in  use  for  many  years  past  in  the  factory  have  shown  that 
the  temperature  is  exactly  as  above  described  in  the  contact- mass, 
and  that  the  temperature  at  which  the  gases  enter,  the  maximum 
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temperature,  and  the  final  temperature  may  be  varied  within  wide 
limits  without  essential  alteration  of  the  quantitative  result. 

If,  therefore,  the  temperature  of  the  various  parts  of  the  contact- 
space  be  so  arranged  that  at  first  there  is  a  low  temperature,  later 
on  a  more  or  less  elevated  temperature,  then  again  a  lower  tem- 
perature, or,  indeed,  if  the  first  phase  be  nominally  dropped  so 
that  at  first  the  operation  is  conducted  at  a  high  temperature 
and  then  at  a  lower  temperature,  these  variations  are  nothing 
more  or  less  than  the  actual  cooling-process  patented  by  us  in 
the  German  patent  No.  113,932.  Of  course,  modifications  can 
be  made  in  the  arrangement  of  the  contact-mass  in  the  tubes  ;  for 
instance,  the  contact-mass  can  be  arranged  outside  horizontal 
cooling-tubes  through  which  the  cooling-gases  pass.  In  every 
such  case  the  process  of  cooling  described  in  our  patent  is  used, 
and  must,  indeed,  be  used  if  the  practical  quantitative  conversion 
of  SOs  into  SO3  and  simultaneously  the  maximum  efficiency  of  the 
contact-mass  is  actually  to  be  achieved,  for  there  is  no  other  means 
of  attaining  this  result. 

The  same  is  the  case  when  apparatus  in  the  form  of  pots  or  large 
vessels  are  used,  if  these  are  to  be  so  worked  as  to  yield  what  is 
today  regarded  as  a  sufficient  conversipn.  Such  apparatus,  even 
after  it  is  famished  with  non-conducting  covering,  nevertheless 
gives  ofi^  heat,  that  is  to  say,  some  cooling  takes  place.  This  can 
at  once  be  seen  in  such  cases  where  the  temperature,  exactly  as  in 
our  process,  rises  at  first  and  subsequently  falls  as  the  gases  pass  . 
through  the  apparatus ;  but  the  cooling  in  these  cases  cannot  be 
regulated  but  remains  constant,  so  that  such  apparatus  suffers  from 
the  disadvantage  that  only  a  certain  amount  of  heat  can  be  got 
rid  of,  so  that  each  apparatus  can  only  work  with  a  definite  quantity 
of  gas,  which  must  be  empirically  ascertained  for  the  apparatus. 
As  against  such  apparatus,  the  special  forms  described  in  our 
German  patent  No.  1 13,932  have  the  essential  advantage  that  they 
are,  within  wide  limits,  independent  of  the  quantity  and  concen- 
tration of  the  gases.  At  the  same  time,  our  apparatus  when  it  has 
once  been  regulated  for  definite  conditions  works  automatically 
within  certain  limits,  so  that  the  means  for  regulating  need  only 
be  used  again  when  the  quantity  or  the  concentration  of  the  gas 
changes  considerably.  A  further  special  characteristic  of  our 
process  is  that  it  works  without  pressure,  and  in  this  way  the  idea 
formerly  held,  namely,  that  a  high  yield  of  sulphuric  anhydride 
could  only  be  obtained  by  employing  pressure,  has  been  demon- 
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strated  to  be  false  with  certainty.  It  is  true  that^  theoretically^  the 
equilibrium  of  the  action  would  be  changed  favourably  for  the 
formation  of  SOs  by  the  application  of  pressure ;  but  already^  at 
a  time  when  the  various  theories  of  physical  chemistry  were  bat 
little  developed,  we  proved  experimentally  that  under  the  conditions 
of  technical  manufacture  according  to  the  contact-process  it  is 
possible  without  pressure  to  arrive  at  a  practically  quantitatire  ' 
yield,  and  that  therefore  the  matter  of  pressure  is  not  only  of 
no  great  value,  but  is  of  such  slight  importance  that  it  can  be 
absolutely  neglected.  Similarly  the  belief  was  held,  based  upon 
the  law  of  action  of  mass,  that  a  dilution  of  the  gases  with  air  had 
a  deleterious  influence,  and  this  view  was  expressed  by  many.  In 
this  case  also  we  proved  the  right  way  by  experiment  before  the 
development  of  physical  chemistry. 

Our  recognition  that  pressure  was  of  no  practical  importance, 
and  that  an  admixture  of  the  gas  with  air  had  no  harmfnl 
influence,  was  of  the  greatest  economic  value  for  the  contact- 
process,  for  after  this  it  was  clearly  seen  that  ordinary  dilute 
burner-gases  could  be  employed  and  means  could  be  devised  for 
passing  the  gases  through  the  contact-mass  whilst  opposing  as  little 
resistance  as  possible,  so  that  the  mechanical  force  requii'ed  for 
moving  the  gases  could  be  reduced  to  a  minimum. 

The  recognition  that  pressure  has  no  essential  influence  is  the 
basis  upon  which  the  apparatus  of  our  German  patent  No.  119,059, 
and  the  process  of  our  patent  No.  133,718,  is  based  (English 
Letters  Patent,  No.  1 5,950  of  1898) .  The  subject  matter  of  these 
patents,  as  also  of  those  referring  to  our  absorption  process,  are 
discussed  in  the  '  Berichte  ^  at  the  place  already  cited. 

We  will  finally  mention  the  only  process  in  which  another 
contact-material,  namely,  burnt  pyrites,  is  used.  The  inventors 
of  this  process  believed  at  first  that  they  could  by  its  use  complete 
the  reaction,  but,  nevertheless,  they  subsequently  found  that  in  a 
contact-stove  containing  iron  oxide  only  60  per  cent,  of  the  gases 
was  converted  in  one  operation,  the  remainder  after  being  com- 
pletely freed  from  the  catalytic  poisons  discovered  by  us  has  then 
to  be  combined  with  the  aid  of  platinum. 

In  the  lecture  reported  in  the  ^  Berichte,'  to  which  we  have  several 
times  referred,  the  importance  of  our  process  was  illustrated  by 
mentioning  the  quantity  of  SOs  produced  annually  by  our  process 
{supra,  p.  1025) ;  since  that  time  the  production  in  our  factory;  as 
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also  in  particular  the  production  of  our  licenses^  is  essentially  greater 
and  now  amounts  to  about  200^000  tons  of  sulphuric  anhydride 
annually.     This  quantity  is  continually  increasing. 

II.  Process  of  the  Farbwerke,  vormals  Meistevy  Lucius,  §•  Braning, 

at  Hbchst, 

This  process  has  been  worked  out  by  Dr.  C.  Krauss  and  is 
described  below  by  himself.  Patents :  B.  P.  No.  6057,  March  11, 
1898;  No.  14,728,  July  4,  1898;  No.  285,  Jan.  6,  1899; 
No.  1885,  Jan.  21,  1901 ;  No.  2368,  Feb.  4,  1901 ;  No.  3161, 
Feb.  7,  1902;  No.  4026,  Feb.  17,  1902.  U.S.  P.  (Krauss  and 
von  Bemeck)  No.  700,512,  May  20,  1902.  G.  P.  No.  135,887, 
Feb.  7,  1902. 

The  following  communication  has  been  made  to  me  by  the 
above  firm.  It  is  penned  by  Dr.  C.  Krauss,  the  real  inventor  of  the 
processes  in  question,  and  Dr.  Rudolph  Miiller  von  Berneck : — 

The  Hochst  Farbwerke^  one  of  the  first  firms  which  have  made 
sulphuric  anhydride  on  a  large  scale  by  the  contact*process,  at 
first  proceeded,  according  to  Winkler,  by  decomposing  concen- 
trated sulphuric  acid  at  a  high  temperature  into  SOj,  O^,  and  H^O, 
removing  the  latter  and  passing  the  802  +  0^  over  platinum 
asbestos.  Attempts  were  made  many  years  ago  to  convert  purified 
pyrites-kiln  gases  into  SO3,  but  not  with  technically  satisfactory 
success.  Therefore  extended  experiments  were  made,  both  on  a 
large  scale  and  in  the  laboratory^  with  pure  liquid  sulphur  dioxide 
and  dry  air^  afterwards  with  gases  produced  by  burning  sulphur 
in  air,  which  led  to  the  result  that  a  satisfactory  yield  of  SO3 
from  SO9  was  easily  attained  by  keeping  the  reaction  within 
definite  limits  of  temperature.  George  Lunge  has  the  merit  of 
having  first  made  this  observation  and  having  first  publicly 
expressed  it.  In  his  British  patent.  No.  3166,  of  1888,  taken  for 
him  by  EUice-Clark,  he  says,  verbatim  : — ''  The  temperature  in 
that  part  of  the  apparatus  where  the  combination  of  SO3  and  O^ 
takes  place  must  be  carefully  regulated,  and  must  be  neither  too 
high  nor  too  low  (preferably  at  or  below  a  dull  red-heat) ."  * 

On  the  strength  of  their  observations  and  trials,  and  on  the 

*  I  do  not  myself  claim  priority  in  this  respect.  Long  before  the  above  patent 
it  bad  been  pointed  out  that  the  temperature  of  the  contact-oven  must  be 
regulated  as  above ;  comp.  also  iuprdj  p.  1035. — Q.  L. 
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strength  of  the  fundamental  discovery  of  "Lnage,  the  Farbirerke 
erected  a  plant  for  making  SOt  from  pyriteB-lciln  gases  for  a  daily 
consumption  of  15  tons  pyrites.  The  gases  were  first  freed  &om 
all  imparities  by  washing  with  steam,  water,  and  a  solution   of 

Fig.  465. 


hisulphate  (for  the  removal  of  fluorine  and  chlorine  compounds], 
and  drying  by  sulphuric  monohydrate  in  specially  constructed 
apparatus.  They  were  then  passed  into  the  contact-fumace, 
fig.  455,     Here  they  were  heated  in  the  pipes  HH,  and  subjected 
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to  catalysis  in  the  two  contact-retorts  C^  and  C^.  Retort  Cj  was 
placed  within  the  furnace  above  the  fire-grate  F,  retort  Cj  outside 
the  furnace.  The  gaseous  current  and  the  fire  were  regulated  in 
such  manner  that  the  gases  issuing  from  retort  C^  at  A  showed  a 
temperature  of  40CP— 150°  C.  The  gases  were  then  cooled,  and  the 
SO;  absorbed  by  concentrated  sulphuric  acid  in  cast-iron  ab- 
sorbers placed  terrace-wise,  so  that  ordinary  acid  was  run  in  at 
the  top,  and  fuming  acid  run  off  at  the  bottom.  The  gases  were 
compelled  to  bubble  through  the  acid  in  each  absorber;  these 
were  cooled  from  the  outside  by  flowing  water. 

This  plant  worked  satisfactorily  for  many  years  ;  but  soon  the 
idea  arose  of  gaining  the  considerable  amount  of  heat  required  for 
heating  the  gases  from  one  of  the  sources  of  heat  offered  by  the 
process  itself.  As  the  most  convenient  of  these  was  chosen  the 
heat  stored  up  in  the  gases  issuing  after  the  reaction  from  the 
the  contact-retorts.  The  exchange  of  heat  was  brought  about  by 
the  apparatus  shown  in  fig.  456j  containing  both  the  heat- exchange 
and  the  contact^space.  The  purified  pyrites-kiln  gases  enter  at  E, 
play  round  the  pipes  R,  whereby  they  are  heated  to  400°  C,  and 
at  the  top  enter  into  the  catalyzer  C.  The  SOg  gases  formed 
descend  in  the  pipes  R,  where  they  yield  up  their  heat  to  the  SO3 
gases,  and  leave  the  apparatus  at  A. 

Figs.  457  and  458  show  different  forms  of  apparatus  for  this 
purpose. 

The  result  of  this  work  was  the  G.  P.  105,876  and  B.  P.  6057  of 
1898,  in  which  is  claimed  "  the  method  of  raising  the  gases  to  the 
temperature  required  for  the  reaction,  by  transferring  to  them 
heat  from  the  produced  sulphur  trioxide."  The  transference  is 
effected  by  a  simple  counter-current  apparatus. 

The  working  out  of  this  process  on  the  large  scale  commenced 
with  great  difficulties.  Chiefly  in  consequence  of  the  large  dimen- 
sions of  the  apparatus,  it  was  not  easy  to  keep  the  temperature 
within  the  limits  most  favourable-  for  the  production  of  SO3. 
This  was  remedied  by  G.  P.  119,505  (B.  P.  285,  of  1899).  Here 
the  temperature  of  the  contact-space  is  regulated  by  mixing  the 
reaction -gases  overheated  therein  with  cold  SOj  gases,  and  thereby 
lowering  the  temperature  for  the  time  being. 

In  connection  with  the  above  work,  investigations  were  made 
respecting  the  influence  of  the  compression  of  roasting-gases  on 
the  formation  of  SOg.    Schroeder  and  Haeniscb  (6.  P.  42,215)  had 
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proposed  to  work  at  a  pressure  of  2  or  3  atmospheres  above  the 
ordinary  pressure.  Our  investigations  showed,  as  is  distinctly 
stated  in  the  first  of  the  above-mentioned  patents,  that  ^'the 
reaction  goes  on  at  any  pressure^  but  best  quantitatively  at  a 
pins-pressure/'  But  they  further  showed  that  the  advantage 
produced  by  artificial  high  pressure  in  slightly  altering  the  che- 
mical equilibrium  in  favour  of  the  formation  of  SOs  is  not  at  all 
equivalent  to  the  increased  consumption  of  steam  required  for 
that  high  pressure.  Our  efforts  were  therefore  from  the  first 
directed  towards  reducing  the  inner  resistance  of  the  apparatus, 
in  order  to  reduce  the  expenses  for  steam. 

Pressure  certainly  plays  an  important  part  in  the  reaction,  as  is 
proved  by  theoretical  reasoning  instituted  by  Professor  Bredig, 
with  the  result  that  under  certain  circumstances  pressure  exercises 
a  considerable  effect  on  the  equilibrium  (2S02H-02)+ar^2S03; 
but  with  the  pressures  possible  in  technical  operations  that  in- 
fluence is  very  slight,  and  the  advantage  gained  thereby  does  not 
correspond  to  the  increased  expense  for  motive-power. 

A  knowledge  of  the  equilibrium-constants  was  very  valuable, 
as  presenting  a  security  for  attaining  the  equilibrium  as  soon  as 
the  constant  calculated  from  the  analytical  data  shows  the  proper 
value  for  the  temperature  in  question.  If  the  constants  are 
known  for  one  or  several  temperatures,  the  value  of  K  can  be 
calculated  for  any  other  temperature  by  means  of  the  reaction- 
heat. 

The  constants  were  determined  as  follows  : — ^Tubes  of  Jena 
high-pressure  glass  holding  20  c.c.  were  drawn  out  into  capillaries 
at  both  ends,  and  charged  with  about  5  grams  SOg.  One  of 
the  capillaries  was  sealed,  and  the  air  pumped  out  as  well  as 
possible.  This  is  more  easily  performed  if  the  SO3  is  heated  to 
boiling,  its  heavy  vapours  driving  out  the  air.  When  about 
nine-tenths  of  the  SO3  had  been  evaporated,  the  second  capillary 
was  sealed  as  well.  The  tubes,  which  contained  about  1  metre  of 
platinum  wire  as  a  catalyzer,  were  heated  during  3  or  4  days 
in  a  thermostat  to  the  required  temperature.  Without  platinum 
wire  the  reaction  was  so  slow  that  the  equilibrium  was  not  reached 
even  after  heating  for  weeks. 

The  temperatures  ranged  between  465°  and  615°  C.  At  lower 
temperatures  the  velocity  of  reaction  was  too  small,  at  higher 
temperatures  the  glass  became  soft  and  the  tubes  were  blown 
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out.  After  the  equilibrium  was  attained^  the  contents  of  the 
tubes  were  analyzed^  and  the  constants  calculated  therefrom. 
This  requires  knowing  the  concentrations  of  SOz,  SO2,  and  0 ; 
but  as  it  is  very  difScult  to  estimate  all  three^  only  SOg  and  SO3 
were  estimated ;  the  concentration  of  SO2  must  be  proportional 
to  that  of  O2.     The  formula 


(C.SOsjs  +  C.O, 

must  then  be  changed  into 

(C  .  SOQ^  _  ^ 

(C .  so^y 

This  formula  was  applied  to  the  calculation  of  the  constants.  The 
single  values  thus  found  did  not  agree  very  well^  because  the  dust 
absorbed  some  oxygen,  and  the  glass  tubes  are  to  some  extent 
acted  upon  ;  in  a  few  cases  even  the  platinum  wire  showed  some 
action  by  a  bluish-black  colour^  which  vanished  when  igniting 
the  wire  in  the  air^  and  therefore  probably  consisted  of  a 
platinum  oxide. 

The  following  average  values  for  K  were  obtained  from  U 
(respectively  12)  experiments  : — 

At  516°  C.  At  466°  C. 

18,590,000  88,618,000. 

The  volume  of  the  tubes  was  expressed  in  litres. 

To  check  these  values,  other  similar  tubes  were  charged  with  a 
mixture  of  2SO2  +  O2,  and  heated  till  the  equilibrium  was  attained. 
The  results  agreed  with  those  previously  found  in  the  order  of 
magnitudes. 

If  we  insert  these  equilibrium-constants  in  the  formula  ex- 
pressing the  proportion  of  reaction-heats  to  equilibrium-constants 
(Nemst,  Theor.  Chem.  p.  599),  we  find  the  reaction-heat  Q,  if  Ki 
is  the  equilibrium-constant  at  Ti,  E2  the  same  at  T2 : 

Q  =  4--5g^0ogK.-logK,)T.T,  ^^,^^^^ 

I2— Ij 

^  _  4-584  (log  83,618,000-log  18,590,000)  787-737 
=  34,670  calories ; 
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hence  (SOj,  0}  =  17'3  calories,  whereas  Thomson  gives  20'5  and 
Berthelot  22-6  calories  {Ostwald,  Lehrb.  ii.  1,  pp.  123,  124). 

After,  in  the  above-described  way,  the  very  considerable  expeose 
for  the  direct  heating  of  the  gases  in  the  contact-process  had  been 
eliminated,  and  the  cost  of  motive-power  for  high  pressure  had 
been  reduced,  efforts  were  made  for  saving  as  much  as  possible 
.of  the  power  for  propelling  the  immense  volume  of  gases  through 
the  apparatus.  Ghtmuey-draught  appeared  insufficient,  on  account 
of  the  considerable  inner  resistance,  especially  in  the  apparatus 

Fi^.  459. 


for  purifying  the  gases  and  absorbiug  the  SOj.  Hence  steam 
had  to  be  retained  as  the  source  of  motive-power,  and  attempts 
were  made  to  cheapen  its  production  by  utilizing  the  combustion- 
heat  of  pyrites.  This  was  done  in  the  way  shown  in  fig.  459. 
The  gases  leave  the  pyrites-kiln  O  with  a  temperature  of  600" 
or  700^  C,  and  enter  a  chamber  divided  by  a  partition  into  two 
parts,  A  and  B.  In  A  they  play  round  iron  pipes  C,  provided 
with  movable  scrapers  a,  and  yield  up  part  of  their  heat  to  the 
water  circulating  therein,  thereby  producing  some  steam.  They 
now  pass  through  d  into  the  second  chamber  B,  and  again  play 
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round  pipes  E,  provided  with  scrapers  and  connected  with 
pipes  C  C.  In  E  the  gases  yield  up  their  remaining  heat.  The 
water  travels  in  the  opposite  direction  to  the  gases,  entering  at  / 
and  leaving  the  pipes  at  K  in  a  heated  state.  The  steam  thus 
generated  issues  at  Z,  passes  into  the  heat-regulator  M,  and  from 
there  with  as  even  a  temperature  as  possible  into  the  "  cold-steam 
engine ''  N,  from  which  the  condensing  water  flows  back  to  G. 
These  experiments  are  not  yet  brought  to  a  satisfactory  issue. 

In  connection  with  these  technical  experiments,  exhaustive 
laboratory  researches  were  made  on  the  catalytic  process,  which 
are  still  partially  in  progress. 

Since  in  the  reaction  2SO3  + 08:^:2803  the  concentration  of 
two  substances  is  changed,  that  reaction,  according  to  our  present 
views,  ought  to  be  of  the  second  or  third  order.  But  since  m 
technical  kiln-gas,  containing  6  or  7  volume  per  cent.  SO,,  there  is 
a  very  considerable  excess  of  oxygen,  practically  only  the  concen- 
tration  of  SOj  will  alter  to  a  considerable  extent,  and  the  process 
will  go  on  approximately  as  a  reaction  of  the  first  order,  t.«. 
the  quantity  transformed  in  the  unit  of  time  will  be  directly 
proportionate  to  the  concentration  of  SO3. 

If  we  denote  by  1  the  time  required  for  transforming  the 
first  10  per  cent.  SO2  of  that  present  in  the  kiln-gases  into  SO3, 
during  the  time  2,  from  the  residual  gases,  now  containing  onlv 
90  per  cent,  of  the  original  SO3,  not  10  per  cent.,  but  only  9  per 
cent,  will  be  transformed.  In  order  to  catalyze  the  whole  of  the 
10  per  cent.,  we  must  employ  10/9  units  of  time,  and  so  forth,  so 
that  we  obtain  the  following  series : — 

Per  cent.  SO^.  Units  of  Time =Unitfi  of  Catalysis. 

100—90  10/10=  1 

90—80  10/9  =  Ml 

80-70  10/8  =  1-25 

70—60  10/7  =  1-43  ,^^.3 

60—50  10/6  =  1-67  ' 

.50—10  10/5   =  200 

40—30  10/4  =  2-50 


30_20  10/3  =  3-33  J 

20—10  10/2  =  5       [ 


15 


10—0  10/1   =10       I 

When  working  with  a  continuous  stream  of  gases,   "time' 
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means  the  time  of  contact  with  the  catalyzer,  and  "  unit  of  time  " 
the  unit  of  catalysis  1  required  for  transforming  the  first  10  per 
cent.  SOj.  We  then  see  that  the  first  80  per  cent.  SOj  is 
transformed  into  SOg  in  about  the  same  time  or  by  the  same 
quantity  of  catalyzer  as  is  required  for  the  transformation  of  the 
last  20  per  cent.  SOj,  assuming  the  tem)>eratures  to  be  equal. 

In  every  chemical  reaction,  whether  endothermic  or  exothermic, 
the  velocity  of  reaction  and  the  finally  attained  equilibrium  depead 
on  the  temperature,  or,  in  other  words,  under  otherwise  equal 
conditions,  there  belongs  to  each  temperature  a  certain  velocity 
of  reaction  and  a  certain  equilibrium.  We  know  that  the  velocity 
of  reaction  increases  with  the  temperature,  and  thermodynamics 
teaches  us  that  the  equilibrium  with  the  rise  of  temperature  changes 
in  that  sense  that  those  products  increase  which  are  formed  with 
absorption  of  heat.  Formerly  nothing  was  found  in  literature 
concerning  the  temperature  within  the  contact-space  except  the 
uncertain  expression  of  "a  red-heat."  The  above-mentioned 
British  patent  of  Luoge's  for  the  first  time  contains  the 
demand  that  the  temperature  within  the  contact-space  must  be 
carefully  regulated.  This  idea  was  taken  up  by  the  Hdchst 
Farbwerke  in  their  B.  P.  No.  285,  1899.  But  the  aim  of 
thorough  rational  work  was  not  yet  reached  in  that  way,  viz.  to 
combiue  the  largest  possible  velocity  of  reaction  [the  smallest 
possible  amount  of  contact-substance)  with  the  largest  possible 
yield  of  SOg.  This  was  not  easily  attained  in  the  manner  previ- 
ously followed.  We  may  certainly  increase  at  will  the  velocity 
of  reaction  by  raising  the  temperature,  but  at  the  same  time  we 
change  the  equilibrium  between  SO,,  0„  and  SOj.  This  is  dis< 
tinctly  proved  by  experiment.  At  408°  the  reaction  was  almost 
quantitative,  at  500°  only  90  per  cent.,  at  530°  only  80  per  cent. 
of  the  SOg  is  transformed  into  SO3. 

A  further  result  of  the  research  was  the  surprising  increase  of 
the  velocity  of  reaction  with  the  rise  of  temperature.  With  finely 
divided  platinum  as  a  catalyzer,  it  is  60  or  80  times  as  great  at 
500°  as  at  400°,  and  increases  still  further  at  higher  temperatures. 
We  find  that  the  same  contact-mass  which  at  400°  transforms 
100  parts  SO,  into  SO3,  at  520"  transforms  80x80=6400  parts 
SOj  into  SOj,  and  the  proportion  is  still  better  at  higher 
temperatures. 

From  these  experimental  results  we  conclude  thai  really  great 
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velocities  of  reaction,  even  when  employing  excellent  catalyzers  like 
finely-divided  platinum^  occur  only  at  such  temperatures  at  which 
the  percentage  yield  of  SO^  begins  to  be  inferior,  and  that  a  com- 
bination of  both  advantages  is  not  possible  so  long  as  the  whok 
contact-space  is  kept  at  a  uniform  temperature  such  as  had  hitherto 
been,  aimed  at. 

Hence  experiments  were  made  for  conducting  the  catalytic 
process  within  the  contact-space  at  varying  temperatures,  tIz.  i 
keeping  the  temperature  in  the  first  zone  of  reaction  high  enough 
for  oxidizing  most  of  the  SO3  into  S0»,  and  afterwards  cooUng 
down  the  gases  to  about  400^^  at  which  temperature  they  pass 
through  the  second  contact-zone,  where  the  remainder  of  the 
SO2  is  oxidized.  This  is  embodied  in  the  B.  P.  No.  1385^  1901 
(reprinted  Chem.  Tr.  Journ.  1901,  ii.  p.  559). 

Technically  we  can  achieve  that  object,  first,  by  placing  before 
the  present  contact-chamber  another  smaller  one,  into  which  the 
reacting  gases  enter  at  a  higher  temperature,  say  530°,  and  where 
75-80  per  cent,  of  the  SO2  is  changed  into  SO3.  The  gases  are 
then  cooled  down  to  400°,  either  from  the  outside  by  means  of  a 
tubular  system  or  by  mixing  them  with  cold  gases,  which  do  not 
disturb  the  process,  and  are  then  passed  through  the  second  contact- 
space,  where  the  remaining  20-25  per  cent.  SO2  is  almost  entirely 
oxidized.  A  second,  technically  practicable  way  is  this  :  to  emploj 
a  very  long  contact-space,  in  which  the  gases  enter  at  580°  and 
gradually  cool  down'  to  about  430°  before  issuing. 

As  a  matter  of  course  the  hotter  contact-space  will  not  be 
charged  with  platinum,  but  with  cheaper  contact-substances  active 
at  such  high  temperatures.  For  that  purpose  a  great  many 
substances  were  examined  for  their  catalytic  properties.  The 
following  were  found  to  be  active  catalyzers  : — 

1.  Platinum. 

2.  Yanadic,  molybdic,  and  tungstic  acid,  also  the  complex 
compounds  formed  by  these  acids  with  each  other. 

3.  The  oxides  and  sulphates  of  iron,  cobalt,  nickel,  copper, 
silver,  manganese,  chromium,  uranium,  &c. 

4.  The  oxides  of  cerium,  didymiura,  lanthanium,  zirconium, 
thorium,  titanium,  silicon,  and  many  rare  elements. 

5.  Mixtures  of  the  catalvzers  with  each  other. 
Among  the  metals  of  the  platinum  group  only  platinum  itself 

comes  into  question.     Iridium  (against  the  ordinary  notion)  acts 
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very  slowly ;  so  does  palladium.  Platioum  under  certain  conditions 
is  a  good  catalyzer  already  at  200°  and  is  not  approached  in  its 
action  by  any  other  known  chemical  substance. 

Of  the  substances  enumerated  under  No.  2,  vanadic  and  tungstic 
acid  act  about  equally  well,  molybdic  acid  less  so.  Of  the  group 
No.  3,  the  sulphates  of  nickel  and  cobalt  are  far  the  best  and  are 
Buperior  even  to  vanadic  acid.  Iron  acts  only  in  the  shape  of 
peroxide.  Ferrous  compounds  are  first  changed  into  ferric 
sulphate  by  absorbing  SOj  and  0,  and  this  quickly  gives  up  SO^, 
so  that  Fe^Og  remains  behind  as  a  catalyzer.  Copper  acts  rather 
less  than  Ni  and  Co.  Silver  sulphate  is  a  good  catalyzer,  uranium 
much  less  than  the  others,  and  gold  not  all. 

The  sub  stances  of  class  4  are  on  the  whole  very  slow  catalyzers, 
but  some,  especially  freshly  precipitated  silica,  seem  to  increase  the 
activity  of  certain  catalyzers. 

Much  attention  was  also  given  to  the  so-called  "  contact-poisons." 
Very  important  observations  were  made  iu  the  laboratory  and 
confirmed  in  practice.  Of  the  substances  examined,  Hg  and  CO 
were  found  altogether  innocuous.  S  and  HtO,  the  latter  as  steam 
or  sulphuric-acid  mist,  impeded  or  stopped  the  reaction,  according 
to  the  quantity  of  S  or  HjO ;  but  when  these  substances  were 
removed  from  the  gases,  the  contact  worked  as  well  as  before. 
As,  Se,  Te,  and  Sb  are  strong  contact* poisons,  small  quautities  of 
which  permanently  disturb  the  activity  of  platinum ;  they  seem  to 
be  oxidized  to  non-volatile  oxides  which  combine  with  Pt.  Besides 
these  elements,  another  substance  occurs  iu  some  kinds  of  pyrites 
which  acts  as  a  strong  platinum  poison,  but  which  has  not  been 
identified  up  to  the  present.  Especially  selenium  and  tellurium 
cause  a  lasting  poisoning.  Antimony,  thallium,  and  lead  occur 
only  in  case  of  very  imperfect  purification.  Arsenic  is  a  momen- 
tary poison,  but  apparently  disappears  in  course  of  time,  especially 
when  the  gases  contain  traces  of  moisture.  This  is  proved  by  the 
following  fact : — 1£  steam  is  mixed  with  the  purified  pyrites-kiln 
gases  before  entering  the  contact-space,  the  whole  of  the  arsenic 
present  in  the  latter  is  volatilized  and  the  activity  of  the  platinum 
is  restored.  Arsenic  seems  to  act  as  a  poison  for  nearly  all  other 
catalyzers  as  well  *.  lliis  is  the  subject  of  a  G,  P.  application, 
dated  Feb.  5,  1902. 

Further  efforts  were  directed  towards  eliminating  the  platinum 
*  Comp.  p.  1008,  88  to  the  contrary.— G.  L. 
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altogether.  From  the  law  of  the  action  of  masses  it  follows  that, 
in  order  to  convert  at  a  certain  temperature  a  maximum  of  SOt 
into  SO3,  either  the  quantity  of  air  should  be  greatly  increased 
(which  would  be  irrational  on  account  of  the  expense  of  propelling 
the  greatly  increased  mass  of  gases)^  or  the  SO^  formed  shotUd  be 
removed  from  the  gases  and  the  latter  catalized  again.  This  can  be 
effected  by  cooling  the  gases  after  they  have  left  the  contact-space 
and  have  been  partially  converted  into  SOs,  removing  the  SO3  by 
absorption,  and  passing  the  gases  through  a  second  contact-space. 
Suppose  the  temperature  of  the  first  contact-space  to  be  520^^  and  the 
contact-substance  to  be  nickel  sulphate.  Here  80  per  cent,  of  SO3 
is  changed  into  SO3.  After  removing  the  latter,  20  per  cent,  of 
the  original  SO2  remains  in  the  gases,  which  are  now  passed  again 
over  nickel  sulphate  at  520° ;  in  this  second  case  again  about  *  of 
the  20  per  cent,  are  changed  in  SO3,  or  altogether  96  per  cent., 
in  lieu  of  the  80  per  cent,  possible  at  520°  with  one  contact-action. 
In  the  second  contact  it  is  not  necessary  to  keep  the  temperature 
low  enough  for  the  most  favourable  equilibrium  of  SOj,  but  here 
the  very  large  increase  of  the  velocity  of  reaction  at  higher 
temperatures  may  be  utilized. 

These  facts  are  laid  down  in  B.  P.  2368,  of  1901,  and  the  work 
is  then  done  in  one  of  the  following  ways  (1—4)  : — 

1.  (Fig.  460.)  The  pyrites-kiln  gases  issuing  from  the  dust- 
chamber  are  cooled  and  purified  in  Ri,  R2,  R3,  &c.,  and  then 
passed  through  a  series  of  pipes  E^  placed  in  the  dust-chamber  or 
otherwise,  where  they  are  heated  by  the  hot  burner-gas.  These 
pipes  are  constructed  to  act  as  an  economizer,  with  scrapers 
for  removing  any  adhering  flue-dust.  The  moving  parts  of  the 
scrapers  are  placed  in  a  closed  box,  or  are  protected  by  cup-joints 
or  the  like  against  the  SO2  gas  present  in  the  dust-chamber.  The 
escape  of  these  gases  round  the  scrapers  can  also  be  prevented 
by  slightly  compressing  the  current  before  entering  the  chamber 
and  thus  producing  a  very  slight  minus-pressure  therein. 

The  gases,  preferably  heated  to  500°  C.  in  E,  now  enter  the 
contact-space  O^.  Sometimes  it  is  better  to  pass  them  first  through 
an  auxiliary  heating-apparatus,  to  provide  against  any  accidents, 
such  as  a  cooling  down  of  the  kilns.  In  the  oxidizer  Oi  most  of 
the  SO3  is  converted  into  SO^.  The  gases  now  pass  into  the  heat- 
exchanger  Vj,  where  they  are  cooled  by  yielding  up  their  heat  to 
the  gases  issuing  in  the  opposite  direction.     The  cooled  gases  are 
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deprived  of  their  SOs  in  F]^  are  then  passed  back  into  the  heat- 
exchanger  Yx,  if  necessary  also  through  a  special  heat-r^ulator, 
and  then  into  contact-space  O^,  where  most  of  the  remaining  SO^ 
is  transformed  into  SOs.  When  issuing  from  O3,  the  gases  are 
cooled  in  K  and  the  SO3  is  retained  in  ¥2,  either  by  strong  sulphuric 
acid  or  by  water  or  steam. 

Of  course  these  processes  might  be  repeated  over  again^  but  this 
would  not  pay^  as  the  second  catalyzer  already  completes  the 
conversion  up  to  95  per  cent.,  which  may  be  called  technicallT 
quantitative. 

2.  The  pyrites-kiln  gases  are  cooled  and  purified  in  Ri,  B^,  B;. 
then  heated  up  in  the  heat-exchanger  Vi  and  passed  into  the 
contact-space  O3,  provided  with  heat-regulator,  then  passed  back 
into  V„  where  they  yield  up  their  heat.  After  taking  out  the  SO; 
in  F2  the  gases  are  heated  in  E,  passed  into  0|,  and  absorbed 
inFj. 

3.  The  purified  gases  are  heated  in  the  heat-exchanger  Yl,  passed 
through  contact-space  O2,  cooled  in  K,  freed  from  SOg  in  Fj,  heated 
again  in  E^  catalyzed  in  Oi,  again  passed  through  Vi,  and  at  last 
freed  from  SO3  in  Fj. 

4.  The  gases  purified  in  Rj  are  heated  in  E,  catalyzed  in  Oi, 
cooled  in  K,  freed  in  Fj  from  SO3,  heated  in  V^,  catalyzed  in  Oj. 
passed  back  into  Vi,  and  again  freed  from  SO3  in  F2. 

Otherwise  the  gases  in  modifications  2,  3,  and  4  are  treated  a> 
in  1.  The  temperature  may  also  be  regulated  within  the  contact- 
spaces  from  the  outside  or  inside  (G.  P.  113,932). 

The  main  point  in  this  new  process  is  that  more  SO3  is  made 
with  much  less  catalyzing  substance  without  the  necessity  ot 
strictly  regulating  the  heat  in  the  contact-space,  and  that  the 
apparatus  for  cooling  and  purifying  the  gases  is  very  much  reduced- 
as  most  of  the  heat  is  taken  out  of  them  anyhow. 

Recently  a  totally  new  style  of  working  has  been  introduced, 
which  combines  the  manufacture  of  SO3  with  complete  desulphu^ 
ization  of  the  pyrites-cinders.  If  dry  pyrites-kiln  gases  are  passed 
over  pyrites-cinders  contained  in  a  long  tube^  at  a  temperature  ol 
only  300°  to  400°  C,  the  surprising  result  follows  that  a  great 
portion  of  the  SO2  has  vanished  in  the  issuing  gas,  without  beio^ 
replaced  by  an  equivalent  of  SO3.  This  evidently  proceeds  from 
the  presence  of  ferrous  compounds ;  for  it  was  found  that  the  above 
property  of  the  cinders  is  multiplied  by  first  impregnating  them  with 
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ferrous  sulphate.  In  that  ease  the  cinders  retain  the  SO9  very 
quickly  and  quantitatively.  Now^  if  the  cinders  are  heated  more  and 
more,  always  passing  the  roasting-gas  over  them,  from  500°  C,  the 
exit-gases  contain  increasing  quantities  of  SO3  and  also  gradually 
increasing  quantities  of  SOj.  Evidently  the  SO2  formerly  fixed  is 
liberated  in  the  shape  of  SO3,  without  any  SO2  being  freshly  fixed 
in  the  cinders.  If,  therefore,  a  temperature  above  550°  is  main- 
tained for  some  time,  the  SOa  in  the  issuing  gases  again  quickly 
decreases  and  the  ordinary  catalytical  process  comes  into  action. 
It  has  been  further  found  that  in  the  case  of  ordinary  pyrites- 
cinders  the  catalysis  between  550°  and  650°  proceeds  comparatively 
slowly,  whereas  cinders  previously  impregnated  with  ferrous  sul- 
phate exhibit  a  surprising  increase  of  activity;  most  probably  by 
the  formation  of  Fe^Os  from  the  sulphates  in  a  state  of  very  fine 
division,  as  shown  by  the  brick-red  colour  of  the  cinders  treated  in 
this  manner. 

If  a  little  moisture  is  left  in  the  kiln-gases,  the  SO3  is  fixed 
much  more  easily  at  lower  temperatures.  In  that  case  the  sulphur 
still  present  in  the  cinders  in  the  shape  of  sulphide  is  burnt  very 
completely  and  quickly,  whereas  the  combustion  is  very  slow  with 
dry  gases. 

These  observations  have  led  to  the  following  new  process  *  : — 
Hot,  undried  pyrites-kiln  gases  are  at  once  passed  into  a  flue,  in 
which  pyrites-cinders,  impregnated  with  ferrous  sulphate,  are 
carried  continuously  in  the  opposite  direction,  till  the  temperature 
sinks  to  350°.  In  this  case  at  the  end  of  the  flue  a  mixture  of 
H2SO4  and  SO3  with  excess  of  air  escapes  in  a  continuous  stream, 
whilst  on  the  other  side  the  cinders  come  out  entirely  freed  from 
sulphur.  The  process  goes  on  as  follows : — In  the  cooler  zone  of 
the  flue,  the  SO3  is  retained  by  the  cinders  and  the  ferrous 
compounds  contained  therein;  in  the  hotter  zone  the  ferric 
sulphate  formed  splits  up  into  FcgOg  and  SOg.  The  newly 
formed  Fefi^  acts  as  a  very  good  catalyzer  and  transforms 
part  of  the  SO2  into  SO3 ;  at  the  same  time  the  S  still  present  in 
the  cinders  is  burnt  and  increases  the  yield  of  SO3,  together  with 
the  FeS04  employed  for  impregnating. 

This  new  process  is  entirely  different  from  that  described  in  the 

♦  U.S.  P.  by  C.  Krauss  and  R.  M.  von  Berneck,  No.  700,512,  of  May  20, 
1902. 
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B.  P.  17,266  (1898)  of  the  Mannheimer  Verein.  In  the  latter 
the  pyrites-cinders  serve  exclusively  as  catalyzer  and  are  kept  at 
as  uniform  a  temperature  as  possible.  Our  process^  howerer, 
is  founded,  firstly,  on  the  sharply  distinguished  fixation  of  SOo  and 
recovery  of  the  same  as  SO3,  locally,  and  in  point  of  time,  separated 
from  each  other  by  cinders  impregnated  with  ferrous  sulphate,  the 
fixation  of  SO2  taking  place  at  lower,  the  expulsion  of  SO3  at 
higher  temperatures,  which  must  both  be  exactly  regulated; 
secondly,  on  the  artificially  increased  activity  of  the  cinders,  h 
the  purely  catalytic  process  the  cinders  need  only  be  changed 
when  they  have  partly  lost  their  catalytic  power  in  consequence  of 
prolonged  use  (B.  P.  1859  of  1898),  whilst  in  our  process  the  gases 
must  be  brought  into  contact  with  constantly  renewed  cinders  in 
order  to  fix  the  SO2. 

In  the  catalytic  process  the  desulphurization  of  the  cinders  corner 
into  question  only  for  a  very  small  proportion  of  the  cinders ;  in 
our  process  this  is  extended  to  the  whole  of  them.  In  the  catalytic 
process  dry  gases  must  be  used  and  all  moisture  is  rigidly  excluded; 
in  the  new  process,  on  the  contrary,  gases  with  a  certain  amount 
of  moisture  are  preferred.  In  the  catalytic  process  exclusively 
SO3  is  obtained,  in  our  process  a  mixture  of  H2SO4  and  SOs- 

Fig.  462  shows  how  this  process  can  be  carried  out.  Pyrites- 
cinders  impregnated  with  ferrous  sulphate  are  continuously  moved 
forward  in  the  channel  C  towards  the  pyrites-kiln.  In  the  colder 
part  of  this  channel  (which  may,  if  necessary,  be  cooled  from 
without)  the  cinders  take  the  SO2  out  of  the  kiln-gases  which 
meet  them  and  thereby  gradually  cool  the  gases,  whilst  the  cinders 
are  more  and  more  heated  up  by  the  hot  gases  which  stream 
in  the  opposite  direction.  At  last,  in  the  hottest  zone  the  SO- 
formerly  fixed  is  expelled  in  the  shape  of  SO3  by  the  hot  kiln- 
gas.  Thus  at  the  hotter  end  of  the  flue  continuously  hot  kiln- 
gases  enter  and  desulphurized  cinders  fall  out;  at  the  cooler 
end  continuously  fresh  cinders,  impregnated  with  ferrous  sul- 
phate, are  introduced,  and  cooled  air,  containing  H2SO4  and  SO3, 
escapes  which  gives  up  the  flue-dust  carried  along  in  chamber  K?. 
The  cinders  are  put  in  by  means  of  a  chain  of  buckets  and  a 
feeding- worm.  Channel  C  is  a  long  iron  tube,  mechanically 
rotated.  Inside,  as  shown  in  fig.  461,  there  are  longitudinal  ribs 
which  bring  the  cinders  into  intimate  contact  with  the  gases  and 
slowly  convey  them  along  to  meet   the  gaseous  current.    The 
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channel  is^  outside  or  inside^  protected  by  an  insulating  mass  in  its 
hotter  parts.  The  cinders  may  be  used  in  the  shape  of  dust  or 
pieces ;  but  cinders  from  lump  pyrites  are  best  broken  up.  The 
impregnation  is  preferably  performed  by  the  (rather  troublesome) 
solutions  of  ferrous  sulphate  obtained  in  the  wet  copper  ex- 
tracting process^  when  operating  without  roasting  the  cinders 
with  salt. 

As  to  the  manner  in  which  the  absorption  of  SO3  is  carried  ont 
at  Hochst^  I  am  enabled  to  make  the  following  observations  : — 
The  absorbers  are  cast-iron  vessels  with  outside  cooling-jackets. 
The  SOs  gases  are  passed  through  the  absorbing  liquid  in  a  stat« 
of  extremely  fine  division,  either  by  suction  or  by  pressure.     If 
hydrated  sulphuric  acid  is  made^  only  one  absorber  is  employed : 
for  fuming  acid  two  or  better  three  absorbers^  placed  at  different 
heights.     The  absorbers  are  fed  with  acid  of  more  than  93  per 
cent.  H2SO4,  if  fuming  acid  is  to  be  made ;    for  hydrated   acids 
they  are  fed  with  dilute  acid  or  even  pure  water,  run  in  by  a  lead 
pipe.     Up  to  95  per  cent,  the  acid  is  as  clear  as  crystal^  above 
that  strength  it  appears  turbid  through  a  slight  quantity  of  iron 
salts  taken  up  from  the  apparatus^  which  are  insoluble  in  such 
highly  concentrated  acids  and  which  cannot  be  removed  either 
by  settling  or  by  filtration,  but  which  vanishes  on  the  addition  of 
a  slight  quantity  of  water.     Some  factories  mention  this  expressly 
in  their  sale  notes  for  such  extra  strong  acid. 

A  patent  of  the  Farbwerke  von  Meister,  Lucius,  and  Briining 
{G.  P.  No.  135,887  of  Feb.  7,   1902)  shows  how  the  platinum 
contact-mass,  when  poisoned  by  arsenic,  can  be  made  to  recover 
its  full  activity  without  being  removed  from  the  apparatus.     If 
steam  is  mixed  with  the  hot  burner-gases  entering  the  apparatus, 
the  contact-action  is  in  the  first  instance  lowered  still  further 
[through  the  poisonous  action  of  water,  comp.  p.   1001]  ;  but 
gradually   the   whole  of  the  arsenic  contained  in  the  platinum 
as  a  fixed  compound  is  converted  into  volatile  compounds  and 
escapes  with  the  mixture  of  SOj,  02,S08,  and  H2SO4  issuing  from 
the  apparatus.     The  admixture  of  steam  with  the  burner-gases 
it  continued  until  no  more  arsenic  can  be  traced  in  the  condensin<' 
products ;  then  the  burner-gases  are  again  introduced  in  the  drr 
state  and  the  platinum  soon  recovers  its  original  activity. 
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III.  The  Schroeder^Grillo  Process, 

This  process  was  invented  by  Dr.  Schroeder  and  patented 
by  him  together  with  the  Aktien-Gesellschaft  fiir  Zinkindustre 
vormals  W.  Grille,  B.  P.  No.  25,158,  of  1898;*  17,034,  of  1900; 
and  10,412,  of  May  20,  1901. 

Concerning  this  system,  I  have  received  the  following  com- 
munications from  the  inventor.  Dr.  Schroeder. 

The  difficulty  of  selling  liquid  sulphur  dioxide  (comp.  p.  388) 
was  the  reason  why  the  firm  Grillo,  already  before  starting  the 
SOg  plant,  had  taken  into  consideration  the  conversion  of  part  of 
the  SOs  into  sulphuric  acid.  The  application  of  the  lead-chamber 
process  did  not  seem  to  be  the  right  thing  in  this  case,  because 
the  dilute  acid  to  be  manufactured  in  this  way  had  too  low  a 
market  value. 

On  the  other  hand,  the  fuming  sulphuric  acid  obtained  by 
contact-processes  was  at  that  time  still  rather  expensive,  because 
the  preparation  of  gases,  containing  much  SO^,  according  to 
Winkler's  process  of  decomposing  sulphuric  acid,  offered  technical 
difficulties,  whilst  the  direct  application  of  roasting-gases,  so  far 
as  was  publicly  known,  had  not  yielded  satisfactory  results. 

Under  these  circumstances  the  pure  sulphur  dioxide  made  at 
Hambom  from  roasting-gases  appeared  to  be  an  advantageous 
starting  material  for  the  preparation  of  rich  and  pure  gaseous 
mixtures  for  the  contact-process.  At  the  request  of  the  firm 
Grillo,  the  Badische  Anilin-  und  Sodaf  abrik  at  their  Ludwigshafen 
contact-plant  made  some  experiments  with  gaseous  mixtures 
prepared  from  Hambom  liquid  SOg  with  admixture  of  air,  but 
the  result  was  not  satisfactory. 

But  as  in  the  meantime  laboratory  experiments  made  at  the 
Hambom  zinc-works  by  Haenisch  and  Schroeder  had  yielded 
very  good  results  with  a  comparatively  high  working  capacity 
of  platinum,  •  the  firm  Grillo  resolved  to  erect  an  experimental 
factory  for  the  further  development  of  the  contact-process.  The 
starting  idea  was  the  assumption  that  the  formerly  unsatis- 
factory results  of  the  contact-process  had  been  principally  caused 
by  the  fact  that  the  contact  between  the  gases  and  the  solid 
reacting  medium  was  not  sufl&ciently  intimate  for  converting 
approximately  all  SO^  molecules  into  SOg.     The  aim  was  therefore 
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to  prevent  the  gaseous  molecules  from  slipping  past  the  actire 
platinum  substance^  by  means  of  filling  the  reaction-space  as 
completely  and  evenly  as  possible;  and  as  the  ideal  state  of 
arranging  the  platinum  molecules  suspended  at  equal  distances 
throughout  the  reaction-space  was  naturally  impossible  to  realize, 
there  was  no  other  way  of  dividing  the  platinum  than  that 
formerly  universally  applied^  viz. :  spreading  the  platinum  upon 
porous  substances  hardly  at  all  active  by  themselves,  and  employing 
these  for  filling  the  reaction-space.  In  practice^  deviating  £roin 
the  formerly  preferred  loose  packing  of  the  platinized  substance;, 
principally  platinized  asbestos,  this  packing  was  made  verr 
firm. 

The  wrought-iron  contact-pipes,  6  inches  wide  and  13  ft.  li  in. 
long,  were  filled  as  follows  : — On  a  bottom  of  fine  stone  materia: 
a  dense  plug  of  platinum  asbestos  (8  to  10  per  cent.  Pt)  va5 
placed,  and  firmly  compressed  by  means  of  a  disk  fixed  to  a  loDf 
rod.  In  order  to  exclude  the  formation  of  continuous  channek. 
another  layer  of  stone  was  put  in,  and  again  a  firm  asbestos  ping 
of  about  3  inches  height.  About  15  double  layers  of  this  kind 
were  placed  in  each  pipe,  the  first  portion  of  the  pipe  remaining 
free  for  a  preliminary  heating  of  the  gases.  A  group  of  five  pipes 
was  placed  in  a  furnace  in  such  a  manner  that  the  first  empty 
portion  lay  in  the  fireplace  itself  and  the  second  portion, 
packed  as  above,  was  surrounded  by  the  gases  issuing  from  the 
fireplace.  The  temperature  of  the  furnace  decreased  from  froc: 
to  back,  and  was  regulated  by  means  of  a  pyrometer  in  such  % 
manner  that  in  the  centre  a  temperature  of  400°  to  420°  C,  whirl 
had  been  found  most  favourable  for  the  reaction,  was  obtained. 
As  the  resistance  of  the  contact-mass  was  bound  to  be  very  great, 
the  proportion  of  the  gases  was  not  effected  by  the  hitherto  usuai 
fan*blast,  but  by  a  cylindrical  air-compressor,  arranged  so  tb: 
it  produced  at  the  same  time  a  mixture  of  SO^  with  atmospheric 
air  in  the  suitable  proportion  of  25  vols.  SO2  to  75  vols,  air 
(B.  P.  9188,  1887). 

The  working  of  the  plant  showed  that  the  resistance  of  tk 
contact-mass,  with  a  normal  gaseous  current,  was  equal  to  0*8  to  1 
atmosphere,  a  somewhat  considerable  amoumt,  but  that^  on  tk 
other  hand,  in  consequence  of  the  intimate  contact  of  the  gase5 
with  the  platinum^  the  degree  of  conversion  greatly  exceeded  all 
former  results.     Eaoh  contact-pipe  produced  about  300  to^ti 
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kils.  SO3  per  diem^  the  yield  being  about  95  per  cent,  of  the 
theoretical. 

The  German  patent  No.  42^215  had  also  provided  for  applying 
a  greater  pressure  than  necessary  for  overcoming  the  resistance 
of  the  contact-substance  in  order  to  prolong  the  stay  of  the 
gases  in  the  contact-space  and  to  favour  the  union  of  the  active 
molecules  of  gases  ;  but  this  was  found  superfluous  in  the  experi- 
mental plant  and  was  never  applied  in  the  plants  subsequently 
erected. 

On  the  strength  of  the  favourable  results  obtained  with  the 
Hamborn  experimental  plants  the  Badische  Anilin-  und  Sodafabrik 
in  1887  resolved  to  carry  out  the  process  on  the  large  scale,  the 
firm  Grillo  renouncing  the  manufacture  of  SOg  for  a  space  of 
ten  years.  Apart  from  the  plant  erected  at  Ludwigshafen  in 
1887,  which  has  worked  for  some  years,  several  smaller  plants 
on  the  same  system  have  been  erected  by  other  firms,  many  of 
which  are  even  now  at  work  without  any  change  in  the  contact- 
action  *. 

When  in  1897  the  field  was  again  clear  for  the  firm  Grillo,  it 
was  resolved  to  start  the  contact-process  again  at  the  Hamborn 
zinc-works.  The  old  experimental  furnace  was  re-erected,  and  it 
was  found  that  the  conversion,  when  employing  roasting-gases 
with  5  to  7  per  cent.  SO3,  was  at  least  as  good  as  with  the 
rich  gases  formerly  used.  Thereupon  the  firm  (now  "  Aktien- 
GeseUschaft  fur  Zinkindustrie  vormals  Grillo''),  together  with 
Dr.  H.  Schroeder,  started  arranging  the  process  for  the  direct 
working  of  blende-roasting  gases.  As  with  these  dilute  gases  the 
process  could  only  pay  when  greatly  reducing  the  resistance  of  the 
contact-mass  to  the  propulsion  of  the  gases,  without  reducing  the 
yield,  efforts  had  to  be  made  to  find  a  sufficiently  porous  and 
resisting  contact-mass.  It  had  also  to  be  taken  into  consideration 
that  the  danger  of  a  diminution  of  the  contact-action  in  the  case 
of  roasting-gases,  even  when  these  are  well  purified,  is  much 

*  According  to  direct  information  from  the  Badische,  their  experiments  with 
the  Grillo  process  were  made  y/iih  inefficient  plant  and  could  not  be  held  to  be 
conclusive  in  any  way.  Before  treating  with  the  firm  of  Grillo,  since  1881, 
they  had  already  commenced  experiments  with  ordinary  burner-gases,  and  their 
contract  with  Grillo  did  not  in  any  way  prevent  that  firm  from  working  in  the 
last-named  direction  at  any  time,  even  before  1897. — G.  L. 

3  y2 
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greater  than  with  absolutely  pure  mixtures  of  pure  SO^  and  filteid 
air.  It  was  already  known  by  experience  that  platinum  asbestos 
with  perfectly  pure  gases^  has  an  infinitely  long  action,  but  that 
its  catalytic  action  gradually  decreases  when  imperfectly  purifiei 
gases  are  employed,  and  that  there  was  then  no  means  of  re« 
generating  its  action  except  by  the  very  troublesome  process  d. 
transferring  the  platinum  upon  fresh  asbestos. 

This  diflSculty  of  regeneration  led  to  abandoning  the  hithcrta 
employed  substrata  for  platinum  in  favour  of  soluble  salts,  wherr, 
owing  to  the  easy  renewal  of  the  surface  and  the  porosity  of  thesi 
substances,  the  regeneration  was  bound  to  be  much  easier  than  in 
the  case  of  platinized  asbestos,  pumice,  and  the  like. 

It  was  soon  found  that  in  this  way  not  merely  contact-substance* 
of  great  porosity  and  easy  to  regenerate  could  be  obtained,  but 
some  of  these  salts,  e.  g.  magnesium  sulphate,  yielded  contact 
substances  of  decidedly  better  catalytic  action  than  asbestos, 
pumice,  and  the  like.  These  contact-substances,  protected  by 
patents  in  all  countries  (B.  P.  25,158,  of  1898),  can  be  made  in  a 
very  simple  manner  by  mixing  or  soaking  the  salts  with  a  dilntf 
platinum  solution.  The  platinum  is  reduced,  without  the 
assistance  of  other  substances,  by  passing  the  hot  gases  contaiiiiDg 
SO2  over  the  mass ;  but  of  course  the  reduction  may  be  hastened 
by  the  admixture  of  organic  substances,  such  as  sugar,  oil,  glue, 
&c.,  afterwards  burned,  and  the  porosity  of  the  mass  is  thereby 
at  the  same  time  increased. 

To  decrease  the  resistance  against  the  passage  of  the  gas^, 
much  larger  pipes  are  now  employed.  But  as  the  activity  of  the 
platinum  was  found  not  to  be  fully  utilized,  greater  dilutions  of 
platinum  in  the  magnesium  sulphate  masses  were  employed;  las 
than  one-hundredth  of  the  percentage  of  platinum  formerly 
employed  is  sufficient  without  any  detriment  to  the  contact-action. 
Afterwards,  in  lieu  of  a  number  of  pipes,  a  single  contact-chamber 
was  introduced,  as  already  described  in  Deacon's  patent,  Nos.  753 
and  1682,  of  1871  (comp.  supra,  p.  980).  The  apparatus  was 
constructed  in  such  a  manner  that  the  SO^  gases  were  first  heated 
up  to  the  requisite  temperature  in  a  tubular  apparatus  and  then 
passed  into  the  contact-space.  As  the  reaction  proceeds  vividly^ 
a  quantity  of  heat  being  set  free  by  itself,  the  contact-apparatus 
need  not  be  heated  but  merely  protected  against  radiation.  But 
the  yield  in  these  apparatus  was  found  to  be  only  85  to  90  per 
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cent,  of  the  theoretical.  Although  on  principle  a  preliminary 
heating  of  the  gases  to  250°  C.  ought  to  suflSce,  since  the  for- 
mation of  SO3  commences  to  set  in  just  over  200°,  and  more  and 
more  heat  is  generated  by  the  reaction  itself,  it  was  established 
by  gas-analyses  and  temperature  determinations  that  the  reaction 
progresses  only  in  the  centre  of  the  cylinders,  whilst  the  gases 
rising  near  the  walls,  in  spite  of  good  insulation,  lose  more  heat 
than  can  be  spared  for  the  reaction  *. 

This  drawback  could  be  avoided  by  a  compulsory  mixture  of 
the  gases  in  simple  or  composite  cylinder  apparatus,  as  described 
in  the  B.  P*  17,034,  of  1900.  These  apparatus  have  been  found 
to  answer  very  well  and  to  act  in  no  way  inferior  to  the  composite 
pipe  apparatus.  The  resistance  of  the  contact-mass  to  the 
propulsion  of  the  gases  can  be  reduced  by  a  suitable  increase  of 
section  in  such  a  way  that  revolving  apparatus  (fan-blowers)  are 
quite  suflScient  for  that  purposes. 

A  further  improvement  in  the  contact-mass  was  attained  by 
building  up  the  mass  in  the  molten  state  in  the  contact-apparatus 
itself  by  means  of  a  hot  current  of  gas  or  air  (B.  P.  10,412,  of 
1901).  Thus  not  merely  a  high  degree  of  porosity  is  attained, 
but  the  caking  of  the  mass  prevents  the  strong  gaseous  current 
from  carrying  away  single  portions  of  it. 

The  absorption  of  the  vapour  of  SO3  formed  takes  place  after 
cooling  in  iron  apparatus  by  means  of  sulphuric  acid,  either  by 
surface-action  or  submersion  or  running  the  absorbing  acid  down 
a  tower  or  spraying  it  in  the  stream  of  SOs  vapour.  If  no  dilute 
sulphuric  acid  for  this  purpose  is  yielded  by  another  part  of  the 
works,  it  is  prepared  by  mixing  part  of  the  strong  acid  previously 
obtained  with  water  and  cooling. 

For  cooling,  purifying,  and  drying  the  roasting-gases  before 
introducing  them  into  the  contact-process  in  many  cases  the 
process  prescribed  by  Rath  (G.  P.  22,118)  has  been  found  sufficient, 
consisting  in  slowly  filtering  the  gases  through  coke  moistened 
with  sulphuric  acid.  The  low  velocity  of  the  gases,  at  most 
2*3  inches  per  second,  requires  a  very  wide  section  of  the  low 
towers   and    admits    of   employing    a    very    fine    coke-packing, 

*  The  apparatus  erected  at  Ludwigshafen  for  the  Grillo-Sehroeder  system  by 
Dr.  Schroeder  himself  did  not  work  as  above,  but  was  expressly  arranged  to 
keep  the  temperature  of  the  outer  contact-oven  as  uniform  as  possible  at  all 
points. — G.  L. 
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without  any  considerable  resistance  to  the  passage  of  the  gas&. 
In  order  to  increase  the  filtering  action^  it  is  possible  to  employ 
apparatus  containing  a  fibrous  material  like  asbestos  or  cotton- 
wool. Such  a  purification  in  connection  with  drying  the  gasa 
by  sulphuric  acid  is  quite  sufficient  for  the  removal  of  flue-dost, 
mist;  sublimates,  and  moisture  from  the  gases^  but  not  fo? 
purifying  the  gases  from  injurious  gaseous  constituents  ctoI^ 
in  the  roasting  of  some  ores.  The  most  injurious  of  such  gasa 
has  been  found  at  Hamborn  to  be  silicon  tetrafluoride  evolved  u: 
the  roasting  of  ores  containing  fluorine.  Unless  previously 
removed,  that  gas  is  decomposed  within  the  contact-mass  in  sncli 
a  manner  that  dense  layers  of  silica  are  formed  which  envelop  tk 
contact-substance  and  render  it  inactive. 

Apart  from  silicon  tetrafluoride,  arseniuretted  hydrogea  mmt 
be  taken  into  consideration,  whose  injurious  action  upon  tfae 
catalytical  property  of  platinum  has  been  long  known.  At 
Hamborn  and  in  many  other  places  that  gas  has  not  been  noticed. 
probably  because  the  conditions  of  its  formation  (application  oi 
iron  gas-pipes,  &c.)  were  not  present.  The  sublimed  AsjO; 
contained  in  the  gases  is  easily  removed  by  filtration  together 
with  the  other  constituents  of  flue-dust. 

If  in  consequence  of  insufficient  purification  of  the  gases  the 
contact-action  is  gradually  weakened,  the  contact-mass  must  be 
from  time  to  time  freshened  up,  especially  in  order  to  counteract 
the  incrustation  with  silica.  This  is  most  conveniently  done  by 
washing  the  mass  with  a  dilute  solution  of  aqua  regia,  whereby 
the  platinum  is  freed  from  the  surrounding  silica,  and  at  the  same 
time  the  porosity  of  the  surface  is  renewed.  Any  slight  traces  of 
arsenic  absorbed  by  the  contact-mass  are  equally  removed  by  the 
aqua  regia,  being  converted  into  AsCls,  which  volatizes  in  the  hot 
current  of  air  when  heating  up  the  contact-mass. 

If  ultimately  the  percentage  of  silica,  iron,  &c.  becomes  so 
large  that  the  regeneration  in  the  just- mentioned  manner  is  ^^^ 
sufficient,  the  platinum  and  the  salt  must  be  separated  from  the 
impurities  in  the  wet  way. 

In  the  beginning  of  1902,  ten  factories  were  working  tbc 
Grillo-Schroeder  process  (four  of  them  in  Germany),  and  anothf^ 
twelve  factories  (again  four  in  Germany)  were  in  course  o\ 
erection. 

■ 

Thus  far  I  have  translated  verbatim  Dr.  Schroeder's  commune* 
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cation ;  I  shall  now  subjoin  abstracts  of  the  various  patents  taken 
out  for  this  process. 

Grillo  and  Schroeder  (Engl.  pat.  25,158,  of  1898)  produce  a 
contact-mass  by  an  intimate  mixture  of  a  soluble  salt  not  changed 
by  the  agents  in  question,  such  as  sulphates  or  phosphates,  with 
finely  divided  platinum  in  the  following  manner  : — ^The  salt  (e.  g., 
sodium  sulphate)  is  dissolved  in  water,  mixed  withplatinic  chloride 
in  the  proper  proportion,  and  the  whole  evaporated  to  dryness, 
breaking  up  the  crusts  so  formed  into  pieces  of  uniform  granular 
size.  The  separation  of  the  platinum  in  a  metallic  state,  of  very 
high  grade  of  division,  takes  place  on  heating  the  contact-mass 
when  the  process  is  started.  These  contact-masses  act  perfectly 
well  even  when  containing  only  0*1  per  cent,  of  platinum,  and 
when  rendered  inactive  they  are  simply  dissolved  in  water,  where- 
upon the  platinum  separates  out  in  a  metallic  state  and  can  be 
employed  over  and  over  again. 

Their  German  patent  No.  115,333  describes  the  removal  of 
arsenic^  antimony,  mercury,  &c.  from  the  contact-mass  in  the 
contact-space  itself  by  means  of  a  current  of  chlorine  at  the 
ordinary  temperature  of  that  space  or  somewhat  below.  Previously, 
any  oxides  of  those  metals  present  may  be  reduced  to  the  metallic 
state  by  means  of  coal-gas,  carbon  monoxide,  &c. 

A  further  patent,  E.  P.  No.  17,034,  of  1900,  by  the  Aktien- 
Gesellschaft  Grillo  and  M.  Schroeder  gives  the  following 
prescriptions: — Pyrites-kiln  or  similar  gases,  with  about  6  per 
cent.  SO2,  pass  into  the  bottom  of  a  chamber,  where  they  are 
heated  to  260°  or  280°  C,  thereupon  through  several  layers  of 
contact-substance  spread  on  perforated  iron  plates,  and  from  this, 
now  in  the  state  of  SO3,  to  the  absorbers.  The  perforated  metallic 
diaphragms  produce  a  good  mixture  of  the  gases  and  a  uniform 
temperature  which  is  controlled  by  laterally  introduced  pyro- 
meters. The  temperature  during  the  reaction  may  rise  to  500° 
or  520°,  the  gases  leave  at  350"  or  400°  C.  A  larger  style  of 
apparatus  consists  of  several  vessels  connected  by  pipes,  alternately 
above  and  below  the  layer  of  the  contact-substance.  The  mixture 
of  the  gases  passing  from  any  one  chamber  to  the  next  in  series  is 
promoted  by  causing  them  to  flow  through  a  narrow  passage  into 
a  larger  space  before  traversing  the  contact-matter  next  in  turn. 
In  this  manner  a  conversion  of  96  to  98  per  cent,  is  said  to  be 
effected  in  place  of  only  85  to  90  per  cent,  where  such  distribution 
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is  not  employed,  in  consequence  of  excessive  heating  in  the  centre 
and  cooling  below  the  proper  temperature  at  the  walls. 
The  claims  under  this  patent  are  as  follows : — 

1.  In  the  catalytic  process  of  making  sulphuric  acid  or  its 
anhydride  without  regulating  the  temperature  of  the  reaction  from 
the  outside,  the  use  of  a  contact-apparatus  consisting  of  a  Tcssel 
or  chamber  provided  with  solid  partitions  having  one  or  more 
openings  through  which  the  preheated  or  flowing  contact-gases 
are  constrained  to  pass  after  they  have  passed  through  a  quantity 
of  contact-mass  for  the  purpose  of  being  thoroughly  mixed  previoib 
to  passing  into  another  quantity  of  the  contact-mass. 

2.  For  the  purpose  referred  to  in  claim  1,  a  contact-apparatus 
consisting  of  a  number  of  vessels  charged  with  contact-mass  and 
connected  by  pipes  in  such  a  manner  that  the  gases  in  passing 
from  one  vessel  to  the  adjoining  one  are  thoroughly  mixed. 

A  still  more  porous  mass  than  usual  is  obtained  by  Grillo  and 
Schroeder  (E.  P.  10,412,  of  1901)  by  forming  the  pores  in  the 
"  carrier  *'  whilst  this  is  still  in  the  pasty  condition  and  in  the 
process  of  drying,  by  forcing  a  gaseous  current  through  the  mass 
at  a  rate  similar  to  that  employed  in  the  converter  during  normal 
working.  Suitable  substances  as  "  carriers,''  apart  from  the  salts 
mentioned  in  the  patents,  are  clay,  gypsum  made  into  a  paste 
with  water,  also  salts  melting  in  their  own  water  of  crystallization. 
The  preparation  of  the  contact-mass  may  be  carried  out  in  the 
contact-oven  itself.  (A  German  patent  by  Neuendorf,  No.  127,846, 
runs  on  similar  lines,  employing  salts  of  Ca,  Ba,  Si,  other  than 
the  sulphates,  with  SO2,  air,  and  steam,  or  sulphuric-acid  vapour 
at  a  high  temperature.) 

Quite  recently  several  important  contributions  concerning  the 
Schroeder  process  have  been  made  to  the  New  York  Section  of 
the  Society  of  Chemical  Industry,  and  are  published  in  its  Journal; 
1903,  pp.  348  et  seq.,  by  Fr.  Meyer,  G.  C.  Stone,  and  C.  L.  Reese. 
The  first  of  these  is  of  a  historical  kind  and  adds  nothing  of 
importance  to  what  has  been  said  before  on  that  process.  I  here 
give  an  abstract  of  the  other  two  papers. 

Stone  points  out  that  in  the  Schroeder  process  the  following 
impurities  are  most  injurious :  arsenic  (which  does  not  occur  hj 
the  blende  used  at  the  original  works  at  Hamborn),  SiF^,  HCl, 
and  CI.  Arsenic  permanently  ruins  the  contact-mass,  the  other 
impurities  have  only  a  temporary  efi^ect  which  vanishes  when  pure 


THE  SCHBOEDEB-GRILLO  FBOCES8.  1065 

gases  are  used.  With  properly  purified  gas  the  mass  gives  a  yield 
of  96  per  ceut.  and  more  even  after  a  year's  run.  When  it  is 
necessary  to  regenerate  it,  it  is  spread  on  a  cement  floor,  made 
into  a  stifle  paste  with  a  mixture  of  dilute  nitric  acid,  hydrochloric 
acid,  and  sugar,  allowed  to  stand  for  a  few  dd,ys,  heated  to  expel 
water  and  acids,  cooled  and  crushed.  It  is  then  often  slightly 
better  than  when  first  used. 

There  are  at  present  23  Schroeder  plants  built  or  building 
(7  in  Germany,  2  in  Russia,  1  in  Poland,  1  in  Italy,  2  in  France, 
1  in  Chili,  1  in  Mexico,  2  in  South  Africa,  6  in  the  United  States). 
Some  are  using  blende,  some  pyrites,  some  brimstone,  and  one  a 
low-grade  gold-ore.  Their  degree  of  purity  being  very  diflferent, 
difEerent  methods  of  purification  are  used.  In  every  case  there  is 
a  dust-catcher  next  to  the  burners,  then  a  cooler  by  which  the 
temperature  is  reduced  to  that  of  the  air,  then  scrubbers  or 
washing-towers  for  washing  and  drying  the  gas,  then  filters  for 
removing  most  of  the  arsenic,  selenium,  &c.  The  gas  is  drawn 
from  the  filters  and  forced  through  the  preheaters,  in  which  it  is 
got  up  to  300°  to  400°  C,  when  it  immediately  enters  the  converter. 
There  is  no  necessity  for  regulating  the  temperature  in  the 
sectional  converters,  which  are  sometimes  large  enough  to  produce 
10  tons  acid  of  66°  B.  in  one  day.  From  the  converter  the  gas 
passes  to  a  cooler,  where  it  is  cooled  down  to  about  50°  C,  and 
then  to  the  absorbers.  When  only  acid  of  less  than  100  per 
cent.  H2SO4  is  to  be  made,  some  form  of  scrubbing-tower  is  the 
best  absorber;  for  fuming  acid  horizontal  cylinders,  followed  by  a 
tower,  are  most  suitable,  and  acid  up  to  40  per  cent,  free  SO3 
can  be  made  here  directly.  Every  hour  the  SO2  in  the  entering 
and  exit  gases  is  estimated  by  the  Reich  test.  The  purity  of  the 
gases  is  best  ascertained  by  blowing  a  small  current  of  the  gas 
continuously  through  a  tube  filled  with  absorbent  cotton,  which 
ought  not  to  show  a  deposit  or  discoloration  after  several  weeks. 

The  conversion  is  good  and  uniform,  e.  g.  at  one  plant  for  a 
month^s  run  minimum  94*47,  maximum  97*76,  average  96*68 ; 
at  another  in  11  days^  run  minimum  91*48,  maximum  97*43, 
average  95*39  per  cent.  It  remains  the  same  whether  the  gas 
contains  only  3  to  4  per  cent,  or  6  to  7  per  cent.  SOj.  The  stops 
from  all  causes  do  not  exceed  20  hours  per  month.  The  acid 
made  was  95*01  per  cent,  of  the  sulphur  burned.  The  cost  of  the 
plant  is  less  than  that  of  a  lead  chamber  and  concentrating-plant. 
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For  acid  above  60°  B.  the  process  is  cheaper  than  chambers ;  from 
60^  B.  below  there  is  no  advantage.  A  plant  is  now  being  built 
for  combining  the  Schroeder  process  with  chambers^  so  as  to 
produce  strong  acid  without  concentrating-plant. 

Reese  describes  his  experimental  investigations  on  the  Schroeder 
process.  His  results  are  most  interesting,  but  partly  differ  so 
much  from  those  of  other  observers  that  further  observations 
seem  called  for.  Thus  he  states  that  the  gases  need  not  be  dried, 
but  may  even  be  saturated  with  moisture  without  affecting  the 
conversion  in  any  way,  although  this  cannot  be  carried  out  in  prac- 
tice owing  to  the  necessity  of  using  iron  pipes.  CO3  and  CO  ha»c 
no  effect,  nor  has  sulphur  in  a  finely  divided  form.  HCl  reduces 
the  conversion  at  once  to  42  per  cent.,  CI  to  57  per  cent. ;  SiF, 
acts  similarly :  but  in  all  these  cases^  if  pure  gas  is  introduced,  the 
conversion  gradually  rises  again  to  the  normal  point.  Arsenic  1$ 
extremely  injurious;  it  may  reduce  the  contact-action  to  zero, 
but  it  can  be  removed  from  the  contact-mass  by  a  stream  of  HCl, 
best  mixed  with  SO2  (burner-gas).  It  is  found  iu  the  shape  of  a 
mist,  together  with  PbS04,  SiF4,  HCl,  S,  and  Se.  This  mist 
cannot  be  removed  by  scrubbing  with  either  water  or  sulphuric 
acid,  but  by  wet  filters  [evidently  made  of  asbestos  or  cottou-wool, 
comp.  below] .  By  these  the  gas  is  purified  to  such  an  extent  from 
solid  and  liquid  substances  that  a  beam  of  sunlight  from  a  lens 
cannot  be  seen  when  passed  through  a  vessel  containing  the  g^^ 
[Tyndairs  test].  In  this  case  the  contact-mass  lasts  indefinitely. 
Another  test  is  to  allow  the  gas  to  pass  continuously  through  & 
tube  coutaining  absorbent  cotton,  when  any  acid  or  other  impurity 
can  be  seen  after  a  short  time  deposited  on  the  cotton  [comp- 
supra] . 

The  reaction  starts  at  330°  to  340°  C,  and  is  at  its  best  at  425°, 
but  there  is  very  little  difference  between  400°  and  435°  C.  With 
impaired  contact-mass  a  higher  temperature  is  required  to  start 
the  reaction.  No  cooling  is  necessary  with  the  Schroeder  contact- 
mass  when  used  in  sectional  converters,  otherwise  than  that 
resulting  from  radiation.  It  is  simply  necessary  to  preheat  the 
gas  to  about  400°  C,  and  the  converters  do  the  rest.  85  to  90  per 
cent,  of  the  conversion  takes  place  iu  the  first  of  the  four  sections, 
where  the  temperature  rises  about  100°  C. ;  it  gradually  falls  in 
the  other  sections  and  gases  leave  the  converter  below  the 
temperature  at  which  they  enter. 
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The  absorption  of  SOg  by  water  is  not  so  good  as  might  be 
expected.  The  rate  of  absorption  increases  with  the  strength  of 
the  sulphuric  acid  formed^  and  is  at  a  maximum  when  the  vapour- 
tension  is  zero.  Evidently  SO^  unites  with  the  vapour  of  water, 
forming  minute  globules  of  H2SO4,  which  cannot  be  satisfactorily 
absorbed  by  acid  of  any  strength  or  even  alkali,  but  perfectly  by 
means  of  several  layers  of  wet  asbestos  or  cotton-wool. 


IV.  The  Process  of  the  Mannheimer  Verein. 

Previous  to  describing  this,  we  shall  say  a  few  words  as  to  the 
steps  which  have  led  to  the  introduction  of  oaAde  of  iron  as  a 
contact-agent. 

We  have  seen  before  (p.  978)  that  oxide  of  iron  was  a  long 
time  ago  recognized  as  a  catalytic  agent,  capable  of  bringing  about 
the  combination  of  SO2  and  O  to  SO3,  and  that  experiments  of 
utilizing  this  property  had  been  made  pretty  early  on  a  large 
scale  but  unsuccessfully.  We  have  also  seen  (p.  402)  that,  on  the 
other  hand,  sulphur  trioxide  was  recognized  as  being  present  in 
ordinary  pyrites-kiln  gases,  and  that  it  has  even  been  proposed  to 
utilize  this  SO3  as  such  without  any  further  change  (p.  971). 

I  had  myself  contributed  to  the  elucidation  of  this  subject  and 
found  that  the  quantity  of  SOg  in  the  burner-gas  would  be  con- 
siderably increased  by  passing  the  gas  through  a  layer  of  red-hot 
pyrites-cinders,  i.  e,  ferric  oxide  (Berl.  Ber.  1878,  x.  p.  1824,  and 
Chem.  Zeit.  1883,  p.  29).  I  then  got  up  to  a  conversion  of  18  per 
cent,  of  the  SO2  into  SOg,  and  I  did  not  pursue  the  subject  any 
further,  because  my  professed  object  was  attained — viz.,  to  study 
the  process  going  on  in  the  pyrites-kilns,  and  to  explain  the 
formation  of  SOg  therein, — and  it  did  not  strike  me  that,  by 
increasing  the  duration  of  the  action,  a  process  for  making  SOg 
on  the  large  scale  might  be  worked  out  on  that  foundation.  This 
was  perhaps  detrimental  to  my  interests,  but  I  certainly  do  not 
deserve  the  accusation  brought  against  me  in  the  G.  F.  107,995 
that  I  had  declared  the  question  of  the  applicability  of  ferric  oxide 
as  contact- substance  for  making  SO3  on  the  large  scale  as  settled 
ill  the  negative  by  my  experiments,  and  that  I  had  theraby  misled 
other  enquirers.  In  Zsch.  fiir  angew.  Ch.  1900,  p.  80,  I  have 
disproved  this  assertion^  and  those  concerned  have  never  said 
anything  more  about  it.     On  the  contrary,  it  is  clear  that  my 
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publications  had  indeed  induced  others  to  follow  up  the  subject 
in  the  manner  we  shall  describe  later  on. 

We  now  come  to  the  process  actually  practised  at  Mannheim, 
which  is  the  invention  partly  of  Dr.  Hasenbach^  partly  of  Dr.  A. 
Clemm,  both  of  the  Verein  chemischer  Fabriken  at  Mannheim. 

The  patents  are  :—B.  P.  (Verein)  No.  17,266,  Aug.  10,  1898  i 
(Verein)  No.  1859,  Jan.  26,  1899 ;  (Verein)  No.  3185,  Feb.  13, 
1899;  (Clemm)  No.  15,151,  July  22,  1899;  (Verein  &  Clemm) 
No.  24,748,  Dec.  12,  1899;  (Verein  &  Clemm)  No.  4610,  1901; 
(Verein)  No.  18,206,  of  1902.  U.S.  P.  (Clemm  &  Hasenbach) 
No.  690,133,  Dec.  31,  1901. 

This  process  is  also  carried  out  at  Ardeer  (Scotland)  and  in 
other  places. 

The  following  original  communication  concerning  that  system 
has  been  made  to  me  by  the  Verein  chemischer  Fabriken  in 
fMannheim : — 

'^  The  principles  underlying  our  process  are  as  follows  : — 1st, 
roasting  the  pyrites  with  dried  air^  in  order  to  produce  dry  kiln- 
gases.  2nd,  graduated  conversion  of  sulphur  dioxide  into  sulphur 
trioxide  in  two  separate  contact-spaces,  one  of  which  is  charged 
with  ferric  oxide,  the  other  with  platinum.  The  SOg  formed  in 
each  of  these  is  best  absorbed  in  separated  absorbing-plant.  3rd; 
behind  the  absorbing-apparatus  for  the  SO3  formed  in  the  ferric 
oxide  contact-space  there  is  a  filter  for  retaining  from  the  gases 
any  impurities  injurious  to  the  platinum  contact. 

^*  These  principles  are  embodied  in  our  patents  [quoted  supra 
and  abstracted  below].  The  apparatus  constructed  for  carrying 
them  into  practice  consists  of  a  pyrites-kiln,  differing  from  ordinary 
pyrites-kilns  by  being  completely  cased  in  iron  and  by  such  a  con- 
struction of  all  openings  that  the  doors  can  be  tightly  pressed  against 
faced  frames,  in  order  to  prevent  as  much  as  possible  the  entrance 
of  undried  air  through  the  brickwork  and  the  working  holes. 

"  The  air  necessary  for  burning  the  pyrites  is  introduced  by 
means  of  pipes  underneath  the  grates.  This  air  is  dried  in  towers 
fed  with  concentrated  sulphuric  acid.  The  roastiug-gases  cuter 
still  hot  into  a  perpendicular  iron-cased  chamber,  filled  with  ferric 
oxide  in  pieces,  to  a  height  of  7  to  10  feet.  This  oxide  [pyrites 
cinders]  rests  on  a  revolving  grate,  by  which  the  spent  contact- 
mass  can  be  removed,  the  fresh  contact-mass  being  fed  in  at  the 
top.     Here  the  conversion  of  the  SOj  into  SOs  is  brought  about 
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to  the  extent  of  60  or  65  per  cent.^  and  at  the  same  time  the 
arsenic  is  chemically  fixed  by  the  ferric  oxide. 

'^  From  this  chamber  the  gases  enter  into  cooling  apparatus  and 
thereupon  into  absorbers,  where  the  SOj  formed  by  the  ferric  oxide 
contact  is  retained.  At  the  end  of  the  absorbing-apparatus  a  fan- 
blast  is  placed  which  draws  the  gases  through  the  various  appa- 
ratus hitherto  described,  and  propels  them  through  the  following 
apparatus.  The  gases  at  this  stage  are  very  pure,  but  they  contain 
still  traces  of  impurities,  not  shown  by  chemical  analysis,  which  in 
course  of  time  might  injure  the  activity  of  the  platinum  contact- 
substance,  and  small  quantities  of  uncondensed  sulphuric  acid 
[anhydride],  which  must  be  removed  before  the  gases  act  upon  the 
platinum. 

^'  This  purification  of  the  gases  is  brought  about  by  filtration 
through  porous,  granular,  or  fibrous  substances.  After  having 
been  thus  filtered,  the  gases  possess  such  a  degree  of  purity  that 
the  activity  of  the  platinum  contact-mass  is  secured  for  a  very 
long  period.  The  filtered  gases  are  heated  up  by  the  heat  of  the 
kiln-gases  or  by  a  direct  fire  to  the  degree  necessary  for  the 
reaction  and  now  enter  the  platinum  contact-space,  in  which  the 
remainder  of  the  SO2  is  converted  into  SO3.  Prom  here  the  gases 
pass  through  a  cooler  and  into  an  absorber,  where  the  newly 
formed  SOj  is  retained,  and  ultimately  into  a  chimney/' 

We  shall  complete  this  sketch  by  abstracts  of  the  patent 
specifications. 

B.  P.  17,266,  of  Aug.  10,  1898,  prescribes  burning  pyrites  in 
ordinary  furnaces,  to  which  air  is  admitted  previously  heated  and 
thoroughly  dried.  The  hot  roaster-gases  are  at  once  conducted 
over  a  contact-substance  containing  ferric  oxide  (preferably  fresh 
burnt  pyrites-waste)  placed  in  an  oxidation  chamber  to  which 
external  heat  is  not  applied.  Pyrites-waste  affords  also  an  excellent 
means  for  extracting,  in  a  technically  perfect  manner,  the  arsenic 
from  pyrites-kiln  gases,  so  that  a  large  yield,  free  from  arsenic,  is 
obtained  from  the  initial  materials  containing  arsenic,  if,  in  passing 
the  gases  over  the  burnt  ore,  the  production  of  comparatively  large 
quantities  of  sulphuric  acid  be  as  much  as  possible  avoided. 

B.  P.  1859,  of  Jan.  26,  1899,  describes  the  chambers  for  con- 
taining the  burnt  pyrites  with  their  revolving  grates,  their  iron 
casing,  and  their  devices  for  excluding  all  air  except  that  which  has 
been  desiccated. 
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B.  P.  3185,  of  Feb.  18,  1899,  describes  another  modification  of 
contact-furnace,  with  more  admission  of  air.  The  ordinary  roastiDg- 
gases,  containing  6  or  8  per  cent.  SOs,  are  to  be  diluted  with 
desiccated  air,  either  when  in  the  reaction-chamber  or  before 
entering  it,  so  as  to  produce  a  gaseous  mixture  containing  from 
2  to  3  per  cent,  by  volume  of  SOj,  whereby  the  production  of  SOs 
is  considerably  enhanced. 

According  to  A.  Clemm's  B.  P.  15,151,  1899,  a  mixture  of  SO* 
and  O  or  acid  is  passed  over  red-hot  copper  sulphate,  previously 
moulded  into  convenient  forms  with  clay  or  gypsum. 

A.  Clemm  and  the  Verein  chemiseher  Fabriken  in  Mannheim 
(B.  P.  24,748,  1899)  conduct  the  gases  from  the  pyrites-kiln, 
with  admission  of  dried  air,  over  highly  heated  burnt  pyrites, 
then  subject  them  to  dry  filtering  over  pumice-stone,  asbestos, 
or  the  like,  and  afterwards  admit  them  to  a  second  contact- 
apparatus,  charged  with  platinum  contact-substance.  The  SO^ 
formed  in  the  first  contact  by  the  action  of  ferric  oxide  may  be 
absorbed  before  passing  the  gases  on  to  the  platinum  contact- 
chamber.  (This  seems  to  be  essential,  in  order  to  prevent  dete- 
rioration of  the  platinum  catalyzer,  the  gases  being  reheated  if 
necessary.)  The  platinum  contact-mass  is  preferably  platinized 
grating  or  network  or  platinized  fabric  carried  by  frames.  The 
Verein,  in  B.  P.  No.  18,206,  of  1902,  describes  an  apparatus 
charged  with  platinum  asbestos  so  arranged  that  the  contact 
with  the  gases  is  as  perfect  as  possible,  without  employing  much 
pressure. 

The  Mannheimer  Verein  chemiseher  Fabriken  (E.  P.  4610, 
1901)  also  patents  the  use  of  copper  oxide,  chrome  oxide,  or 
manganese  oxide,  or  a  mixture  of  the  three,  or  their  sulphates,  as 
contact-substances  and  also  for  filtering  the  hot  roasting-gases. 

We  shall  lastly  describe  more  in  detail  the  pyrites-kilns  and 
contact-chambers.  In  figs.  463  &  464,  fli,  a^,  a^,  a^  are  burners,  b 
the  pyrites  burning  therein.  All  openings  are  made  tight  bj 
asbestos  joints  and  screw-bolts,  the  doors  being  pressed  against 
planed  surfaces ;  this  is  shown  at  c.  The  air  enters  at  di,  doy  in 
drying-towers  ej,  Cj,  and  is  carried  by  pipes/1,/3,/3,/4  underneath 
the  burner-grates.  Further  pipes,  /j,  /g,  communicate  with  the 
contact-chamber,  in  case  this  is  equally  to  be  supplied  with  dried 
air,  and  in  a  similar  manner  this  can  be  supplied  over  the  layer  of 
burning  pyrites.      The   gases  issuing  from  the  burners  traverse 


THE  FSOCEBB  OF  THE  HANNHEIUEB  VBREIN.  1071 

apright  chambers,  g^,  g^,  filled  with  pyrites -cinders,  where  the 
conversion  of  SO,  to  SOj  takes  place ;  they  are  then  taken  by  A 
to  the  condensing-apparatus.  The  whole  furnace  is  cased  with 
iron,  in  order  to  prevent  any  air  from  penetrating  through  the 

Fig.  463. 


brickwork.  Through  k  fresh  pyrites-cinders  are  charged  into 
ff,,  9t,  and  through  the  revolving  grate  j  the  spent  cinders  are 
removed.  Further  openings  may  be  provided  in  the  burner  or 
contact-chamber  for  diluting  with  air.  The  air  is  preferably 
heated  before  entering  the  apparatus. 


Fig.  465  to  467  show  how  the  coatact-cbamber  may  be  placed 
underneath  the  burners,  and  is  traversed  by  the  burner-gases  from 
the  top  downwards.  In  ai  and  Of  the  burning  takes  place ;  £]  and 
d„  the  burning  pyrites ;  C]  and  c,,  the  air-tight  charging-doors ; 
Ca,  the  other  working-door,  equally  air-tight.  In  this  case  the 
pyrites  bums  from  the  top  downwards.  The  necessary  air  is  dried 
in  tower  d  and  passed  into  the  apparatus  through  pipes  ti  and  e^. 
The  gases  generated  in  layers  &i  and  &a  pass  through  the  layers  of 
burnt  ore/i  and/,,  where  the  conversion  of  SOj  into  SOg  takes 
place,  and  then  go  through  jr,  and  g^  to  the  condensers.  The  spent 
oxide  is  removed  by  the  revolving  grates  A,  and  A,.  This  furnace 
must  also  be  cased  in  iron. 

Experiments  made  by  Lunge  and  Pollitt  (comp.  auprd,  p.  1008) 
have  confirmed  the  fact  that  the  degree  of  conversion  of  SO,  into 
SOg  is  strongly  reduced  by  the  least  amount  of  moisture  present, 
either  in  the  ferric  oxide  or  in  the  gases.  This  degree  remains 
the  same,  whether  the  gases  contain  up  to  13  per  cent,  or  down 
to  2  per  cent.  SO,  by  volume.  The  best  temperature  for  the 
reaction  is  about  620°  C.  The  presence  of  copper  oude  or  arsenic 
(which  is  no  doabt  converted  into  ferric  arseniate)  increases  the 
catalytic  action,  the  arsenic  more  than  the  copper.  Probably  the 
SO,  is  first  oxidized  to  S0|  at  the  expense  of  the  arseniate,  and 
the  arsenite  thereby  formed  is  again  oxidized  to  arseniate  by 
atmospheric  oxygen.  (Thb  influence  of  arsenic  in  promoting 
the  contact-action ,  found  by  Lunge  and  PoUitt,  forms  the  subject 
of  a  German  patent  applied  for  by  the  Manuheimer  Yerein 
chemischer  Fabriken.) 

v.  The  Freiberff  Proceai. 

Through  the  kindness  of  Professor  Clemens  Winkler  I  am 
enabled  to  give  the  following  new  and  authentic  communications 
on  the  introduction  and  development  of  the  manufacture  of 
sulphuric  anhydride  by  the  contact-process  in  the  Muldenerhiitte 
at  Freiberg,  on  the  strength  of  official  documents,  all  of  which  have 
lutberto  remained  unpubllslied. 

The  first  experiments  for  carrying  out  the  process  of  combining 
SOj  and  O  by  means  of  the  process  published  by  Winkler  in  1875 
(Dingler's  Journal,  ccxviii.  p.  128)  on  a  manufacturing  scale 
began  on  December  18,  1876.  As  described  in  that  publication, 
sulphuric  acid  of  66*'  B.  was  decomposed  by  strong  heat,  the  resulting 
gaseous  mixture  was  dried  and  conducted  over  moderately  heated 

VOL.  I.  3  z 
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platinum  asbestos.  The  SO3  thus  obtained  was  at  first  condensed 
as  such^  later  on  much  more  conveniently  by  absorption  in  con- 
centrated sulphuric  acid. 

The  results  were  so  satisfactory  that  on  March  9,  1878,  the 
erection  of  a  larger  plant  was  resolved  upon.  But  almost  exactly 
at  the  same  time,  on  March  10,  1878,  the  Royal  Mining  Office 
received  a  report  by  CI.  Winkler,  in  which  he  requested  them  to 
take  notice  of  an  observation  made  by  him  which  would  enable  the 
process  of  manufacturing  anhydride  to  be  carried  on  in  a  new  and 
much  more  practicable  form.  This  report  contains  the  following 
passage : — "  The  undersigned  has  succeeded  in  achieving  a  result 
regarded  as  impossible  according  to  former  experiments,  viz,  theprtt- 
duction  of  sulphuric  anhydridefrom  a  mixture  of  stdphur  dioxide  an^ 
atmospheric  air.  After  discussing  at  length  the  points  important 
for  the  success  of  the  new  process,  the  author  gives  a  description  of 
the  way  in  which  the  process  can  he  carried  out  on  the  large  scdt 
He  here  discusses,  first,  the  quality  of  the  gaseous  mixture  obtained 
in  the  kilns ;  secondly,  the  mode  of  propelling  the  gases ;  thirdlv, 
the  purification  and  drying  of  the  gases ;  fourthly,  the  transforma- 
tion of  SO2  into  SOs ;  fifthly,  the  condensation  of  the  SOg. 

The  production  of  sulphuric  anhydride  from  pyrites^kiln  gases  ^i 
the  Freiberg  works  commenced  on  a  small  scale  in  the  beginnio^ 
of  December,  1878,  on  a  larger  scale  on  February  1st,  1879.  But 
as  there  were  many  difficulties  to  overcome  and  many  change^ 
became  necessary  in  the  plant,  the  commencement  of  a  continuoiu 
manufacture  dates  only  from  December  13,  1879.  On  October  3 
1881,  a  larger  plant  was  started,  utilizing  a  proposal  found  suc- 
cessful in  the  meantime,  for  removing  the  last  traces  of  flue-du^: 
(which  interferes  with  the  efficiency  of  the  contact-substance)  b} 
filtering  the  gases  through  carded  cotton-wool. 

Soon  after  the  Freiberg  works  had  commenced  trying  ti:* 
manufacture  of  SOs  from  kiln-gases,  the  Rhenania  works  at  Stol- 
berg  entered  upon  this  path,  with  mutual  understanding  and  partit 
exchange  of  experiences.  At  Stolberg,  vertical  contact-apparatus 
was  preferred  to  the  horizontal  pipes  used  at  Freiberg.  Tk 
filtration  by  cotton-wool  and  the  employment  of  platinized  porct 
lain  (see  below)  has  also  remained  a  speciality  of  the  Freiberg  works 
The  manufacture  of  sulphuric  anhydride  is  now  carried  out  st 
the  Muldenerhiitte,  near  Freiberg,  as  follows  : — 

1.  Roasting-gas, — Since  1879,  the  gases  from  ordinary  pyrites- 
kilns,  containing  a  little  arsenic  have  been  employed  for  this  pu^po^i 
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2.  Propelling  of  the  gas, — Since  1879  this  has  been  effected  by 
a  steam-driven  fan-blast  placed  between  the  purifiers  and  the 
contact- apparatus^  so  that  the  gas  is  aspirated  from  the  kilns 
through  the  purifiers^  and  propelled  under  pressure  into  the 
contact-pipes  and  the  absorbing-towers. 

3.  Purification  of  the  gases. — ^This  is  effected  exclusively  by 
filtration^  without  any  washing^  or  drying-apparatus.  This  has 
been  done  since  1881,  ultimately  through  the  employment  of  carded 
cotton-wool,  which  retains  the  last  traces  of  flue-dust  without 
the  necessity  of  frequent  renewal  (probably  gun-cotton  might  be 
employed  for  the  same  purpose) .  At  first  it  was  thought  necessary 
to  wash  and  dry  the  gases,  after  previously  removing  most  of  the 
flue-dust,  by  towers  fed  with  sulphuric  acid  of  66°  B. ;  but  this 
caused  the  cotton-wool  to  be  gradually  moistened  and  destroyed 
by  the  slight  quantity  of  sulphuric  acid  carried  away  by  the 
gaseous  current,  so  that  frequent  renewals  of  the  somewhat  costly 
filtering  materials  became  necessary.  Since  1 893,  part  of  the  cotton- 
wool has  been  replaced  by  cheap  fine  wood-shavings  ("HolzwoUe'^); 
in  1896  the  washing  with  sulphuric  acid  was  curtailed  and  in  1898 
it  was  entirely  abandoned.  Since  then  the  moistening  of  the  wool 
has  ceased ;  it  retains  its  porosity  and  therewith  its  efficiency. 
The  gases  have  since  been  purified  without  the  assistance  of  liquids, 
exclusively  in  the  dry  way,  and  that  with  such  perfection  that  the 
contact-substance  retains  its  activity  for  years.  Practically  the 
process  is  performed  as  follows  : — ^The  gases,  as  they  come  from 
the  kilns,  are  passed  through  leaden  flue-dust  tunnels,  where  most 
of  the  dust  is  deposited,  afterwards  through  a  set  of  lead  towers, 
packed  successively  with  coke,  charcoal,  wood-shavings,  and  cotton- 
wool. From  the  last  tower  the  gas,  absolutely  free  from  dust,  is 
aspirated  by  the  fan-blast  and  propelled  with  moderate  pressure 
into  the  contact-ovens. 

4.  The  contact-substance. — From  1879  to  ISSS  platinum  asbestos 
with  40  to  50  per  cent,  platinum  was  used,  prepared  by  means  of 
sodium  formiate  (p.  1086).  In  consequence  of  the  impurities, 
at  that  time  still  present  in  the  gases,  the  platinum  asbestos  soon 
became  inactive,  especially  by  incrustations  of  sulphates,  and  had  to 
be  frequently  worked  over  again  in  a  troublesome  manner.  In 
1883  the  transition  was  made  to  platinized  pumice,  containing 
3  or  4  per  cent,  platinum,  whose  activity  lasted  up  to  a  year. 
In  1888  this  was  replaced  with  excellent  results  by  unglazed 
platinized  porcelain. 

3z2 
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5.  The  temperature  of  combination. — Accordiog  to  the  experi- 
ences made  at  Freiberg,  the  union  of  SO*  and  O  is  best  effected 
at  a  temperature  of  440°— 160°  C.  aa  measured  by  a  Heracui  (Le 
Cbatelier)  pyrometer.  The  inside  of  the  retort-furnace  is  faintly 
red-hot,  but  at  440°  the  red  sheen  ceases.  Any  effect  of  the 
heat  of  reaction  ttpon  the  temperature  could  not  be  noticed. 

6.  The  degree  of  comUnation. — During  the  first  ten  years  o£ 

Kg.  468. 


working  the  degree  of  combination  attained  was  imperfect.  The 
SOj  percentage  of  the  kiln-gases,  originally  7  to  7"5  per  cent., 
was  diminished  to  about  4  per  cent.  SO,,  equal  to  a  conrersion 
of  about  45  per  cent,  into  SOj.  This  did  not  matter  much,  as  the 
gaaes  were  afterwards  treated  in  vitriol-chambers.  But  alreadv 
then  it  was  noticed  that  the  gas  containing  4  per  cent.  SOj,  if  seui 
through  a  second  contact^fumace,  came  down  to  0*2  per  cent.  SO;, 
so  that  in  all  97  per  cent,  was  converted  into  SO3.     In  1889  it  was 
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noticed  that  the  formation  of  SOj  was  increaaed  to  85  or  90  per 
cent,  by  one  sinfle  passage  through  the  contact-substance,  if  the 
percentage  of  oxygen  essentially  exceeded  that  of  sulphur  dioxide; 
since  then  gases  with  only  6  per  cent.  SOj  have  been  worked'  and 
the  uncombined  residue  of  SOj  is  removed  by  absorption. 

7.  The  contact-/urnace.~The  sketches,  figs.  468  St  469,  show 
that  each  furnace  contains  five  horizontal  retorts,  charged  with 

Fijr.  469. 


contact-substance  and  heated  by  means  of  a  gas-producer.     Such 
a  furnace  yields  from  20  to  24  cwt.  SOj  per  24  hours. 

8.  The  absorption  of  the  anhydride. — -The  SOj  vapours,  escaping 
from  the  contact-retorts  under  slight  pressure,  are  completely 
absorbed  in  vertical  towers  fed  with  concentrated  sulphuric  acid, 
the  acid  flowing  out  strongly  fuming.  It  is  either  sold  in  this  state 
or  is  worked  for  anhydride  by  distillation  in  iron  retorts. 
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VI.  Rabe^s  Process. 

Concerning  Rabe's  process  for  the  manufacture  of  sulphuric 
anhydride  I  have  received  the  following  communications  throogh 
Mr.  Niedenfuhr,  who  has  erected  several  plants  on  this  system, 
which  performs  three  operations — the  purification  of  the  gases, 
the  contact-process^  and  the  absorption  of  the  SOs  formed.  The 
purification  is  described  in  a  Hungarian  patent  No.  22^959,  of  . 
Nov.  12,  1901.  The  misty  particles  contained  in  the  gases  must  i 
be  removed  so  completely  that  even  after  a  number  of  years  no 
deposit  is  formed  on  the  glass  windows  interposed  in  the  pipes, 
and  of  gaseous  admixtures  only  those  must  be  left  which  are 
absolutely  harmless. 

The  hot  gases  are  cooled  by  direct  contact  with  the  cooUng- 
liquid,  in  two  phases.  In  the  first  the  cooling-effect  is  carried  ou 
up  to  the  point  that  the  liquid  completely  evaporates;  in  the 
second  phase  so  far  that  the  liquid  is  only  heated.  This  admits 
of  carrying  out  the  cooling- process  in  a  vessel  made  of  an  unalter- 
able material,  e.ff.  pottery  surrounded  on  the  outside  by  lead  or 
iron.  Such  apparatus  is  not  acted  upon  or  stopped  up  even  if 
the  sulphuric  acid  used  for  drying  has  a  concentration  of  60°  B. 

The  purifying  process  will  be  better  understood  by  means  of  the 
sketch  (fig.  470). 

The  gas  enters  by  a  cast-iron  pipe  A,  lined  with  acid-proof 
material  and  possessing  cleaning-holes  K^  and  E^.  By  means  of 
the  Korting's  spray-producer  I  enough  water  or  sulphuric  acid  is 
introduced  to  be  completely  evaporated.  The  cooling  of  the  gases 
thus  effected  is  completed  by  tower  B.  This  is  built  like  a  Glover 
tower,  the  bottom  and  sides  being  lined  with  acid-proof  potterj; 
by  the  grid  L  the  packing  M  is  supported  and  is  moistened  by 
cold  strong  sulphuric  acid,  fed  in  at  the  top  and  equally  distributed. 
The  hot  acid  is  run  out  by  V  into  a  cooler.  The  mud  is  easily 
collected  and  no  stoppage  of  the  tower  takes  place. 

The  cooled  gases  are  now  freed  from  mechanically  suspended 
impurities  by  filters,  consisting  of  a  lead  box  D,  in  which  on  a 
grid  N  the  filtering-material  O  is  spread  in  a  thin  layer.  The 
latter  consists  of  small  pieces  of  coke,  from  10  to  1  mm.  diameter, 
systematically  placed  so  that  the  coarser  grains  are  at  the  bottom, 
the  finer  at  the  top.  The  filtering  surface  must  be  very  consider- 
able in  order  to  avoid  loss  of  draught  by  friction.  The  impurities 
collecting  in  the  filter  are  removed  from  time  to  time  by  rinsing. 

In  lieu  of  the  finest  grain  of  coke,  fibrous  materials  may  be 


1080  MANUFACTURE  OF  FUMING  OIL  OF  VITRIOL. 

employed^  e,g,  asbestos^  which  is  preveated  from  being  compressed 
by  being  spread  on  several  sieves  adjoining  each  other. 

By  the  filtering-processes  the  gases  are  rendered  absolutely 
transparent,  which  is  constantly  controlled  by  means  of  g^lass 
sights;  but  they  still  contain  gaseous  impurities.  Only  the 
constituents  of  atmospheric  air  —  oxygen,  nitrogen,  carbon 
dioxide,  argon,  &;c. — are  harmless ;  all  other  gases  (besides  SO*) 
must  be  removed.  Rabe  has  found  that  hydrogen  chloride  oceun 
in  roasting-gases,  and  that  it  can  be  removed  by  sodium  bisulphate 
in  concentrated  solution  or  in  pieces.  This  takes  place  in  box  F, 
with  shelves  P  and  purifying-material  B. 

Tlie  gases  are  now  dried  in  the  acid-fed  tower  6,  containing  a 
packing  T  on  grid  S,  and  pass  through  pipe  H,  provided  with 
glass-sights  Ui  and  Us,  into  the  contact-apparatus  (not  shown !). 
W  is  the  hydraulic  seal  for  the  acid  running  out  of  G. 

Rabe  considers  as  special  advantages  of  his  purifying-process  : 
the  possibility  of  working  with  natural  draught,  the  complete 
drying  of  the  gases,  the  removal  of  the  misty  particles  without 
the  use  of  a  washing-process,  and  therefore  but  slight  expense  for 
maintenance  and  supervision. 

(The  same  advantages  are  claimed  by  Babe  for  producing  acid 
free  from  iron  and  arsenic  when  made  by  the  lead-chamber 
process,  in  lieu  of  acid  made  from  brimstone.) 

Concerning  the  contact-process  itself.  Dr.  Babe  gives  me  the 
following  notes  : — The  purified  and  dried  gases  are  brought  into 
contact  with  the  catalyzer  in  comparatively  wide  chambers^  where 
the  mass  is  spread  on  sieves,  between  which  loose  sieves  can  be 
interposed.  This  arrangement  is  preferable  to  placing  the  contact- 
mass  in  narrow  tubes,  as  the  mass  can  thus  be  spread  more 
uniformly,  which  can  be  controlled  at  sight,  and  as  the  gases  are 
always  mixed  over  again  after  having  passed  through  a  layer  of 
contact-substance,  so  that  any  inequalities  in  the  temperature 
and  composition  are  removed.  It  is  also  possible  by  this  means 
to  carry  out  the  reaction  in  diflFerent  phases,  by  employing 
different  contact-masses,  or  difi'erent  temperatures,  or  combinations 
of  both.  In  order  to  produce  the  proper  temperatures,  various 
means  can  be  employed.  Thus,  according  to  the  German  patent 
application  B  13,221,  '' regulating '^-tubes  can  be  placed  in  the 
contact-chamber,  or  as  bearers  for  the  contact-sieves,  which 
communicate    their  temperature   to   the  contact-mass.       Wide 
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contact-chambers  also  produce  the  least  resistance  to  the  pro- 
pulsioD  of  the  gases. 

The  degree  of  conversion  of  SO,  into  SO3  is  most  easily 
calculated  from  the  analysis  of  the  gases  before  entering  and  after 
leaving  the  contact  by  Eeich's  method  (p.  411).  If,  for  instaoce, 
10  c.c,  decinormal  iodine  solution  is  employed  for  each  test, 
corresponding  to  about  12  c.c.  gaseous  SO]  at  ordinary  tempera- 
tures, and  if  before  entering  the  chamber  the  water  run  out  of  the 
aspirator  had  been  =  150  c.c,  but  after  leaving  the  chamber= 
3000  c.c,  the  degree  of  conversion  is ; 

(3000-150)100     „.  „ 

3000-6 9^-2  per  cent. 

If  for  the  s^pnd  test  another  quantity  of  iodine  solution  had  been 
used,  a  corresponding  correction  must  be  made. 

In  order  to-  properly  absorb  the  SO3  by  concentrated  sulphuric 
acid,  the  latter  must  be  kept  cool,  which  Rabe  effects  by  specially 
constructed  "  reaction-towers  "  with  surface -feeding. 

In  Zsch.  angew.  Ch.  1900,  p.  960,  Niedenf iihr  mentions  that  the 
total  fuel  required  for  producing  100  parts  SOg  is  20  kg.  coal. 
The  supervision  of  the  process  is  very  simple,  and  is  facilitated  by 
automatic  apparatus  on  the  principle  of  Rabe's  measuring- process 
for  gases  and  liquids  (G.  P.  111,019  and  112,835). 

The  B.  P.  of  Rabe,  No.  3327,  1901,  substantially  agrees  with 
the  preceding  description,  but  we  shall  quote  the  claims  verbatim. 
The  hot  gases  are  preliminarily  cooled  in  conduits  with  neutral 
walls,  by  means  of  vaporizing  water  or  sulphuric  acid,  to  a 
temperature  at  which  there  is  not  yet  condensation  of  fluid  matters, 
then  cooled  to  a  temperature  of  less  than  100°  C,  by  direct  contact 
with  sulphuric  acid  of  any  preferred  strength  in  towers  of  not 
too  close  packing,  and  conducted  systematically  through  filtering- 
layers  of  granular  substance  gradually  reduced  in  size,  or  of 
fibrous  character,  until,  when  in  a  dry  state,  they  leave  no 
efflorescence  on  the  glass  of  the  Tyndall  testing-apparatus  even 
after  a  long  time,  and  then,  after  being  entirely  freed  from  any 
non-neutral  gaseous  elements  by  means  of  suitable  reagents  (as, 
for  instance,  from  muriatic  acid  by  means  of  bisulphites  in  a 
solid  form  or  in  the  form  of  a  concentrated  solution),  are  dried 
in  the  usual  manner. 

Dr.  Rabe  informs  me  that  his  process  has  already  been  introduced 
for  manufacturing  sulphuric  anhydride  from  pyrites  lumps  and 
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fines  and   from   zinc-blende.      The  following  results  have  been 

obtained  at  one  of  these  places  during  a  prolonged  period  of  work. 

Cost  of  100  kils.  sulphuric  anhydride : 

Mark. 

96  kils.  pyrites  43  per  cent.  S  at  1-80  Marks  1-73 

10     „     coals  at  2  M 0*20 

2*4  H.P.  hours  for  moving  gases   and   acid   at 

005  M.  per  electrical  H.P 012 

0-16  shift  at  2-50  M.  per  man  and  shift 040 

Repairs    0*32 

2-77 

Sinking  fund  for  plant,  costing  130^000  Marks  per 

5000  kils.  per  day,  equal  per  100  kg.  to 0*87 

Total 3-64 

(The  amount  of  130,000  Marks  for  a  daily  production  ot 
5000  kils.  SOj  does  not  include  royalty,  and  is  decidedly  less  than 
will  be  required  in  most  places  for  a  substantially  constructed 
plant. — G.  L.) 

Reqent  Proposals  for  Improving  the  Manufacture  of 
Sulphuric  Acid  by  the  Contact-Process. 

None  of  the  following  proposals  seem  to  have  been  as  yet 
introduced  into  manufacturing  practice,  except  Winkler's  improved 
platinum  asbestos,  which  has  been  recently  superseded  even  at  the 
Freiberg  works  (p.  1076).  These  proposals  must,  however,  be 
enumerated  for  the  sake  of  completeness. 

A.  Purification  of  the  Gases. 

The  problem  of  purifying  the  pyrites-burner  gases  from  flue- 
dust  is  fully  discussed  in  the  communications  from  Freiberg,  from 
the  Badische,  from  Rabe,  &c.  We  mention  here  the  proposal  of 
Raynaud  and  Pierron  (Engl.  pat.  16,283,  of  Feb.  15,  1900)  to 
effect  this  end,  first  by  condensing  or  compressing  the  gases 
and  then  allowing  expansion  to  occur.  They  prefer  condensing 
the  gases  by  absorbing  them  in  Kieselguhr,  and  expanding  them 
by  raising  the  temperature  after  a  certain  interval.  The  impurities 
are  said  to  remain  behind  in  the  porous  material,  which  must  be 
from  time  to  time  renewed. 

G.  C.  Stone  (American  patents  Nos.  711,187  and  71 1,188,  of 
Oct.  14,  1902)  removes  the  arsenic  vapours  from  burner-gases  by 
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cooling  the  gases  down  to  a  temperature  at  which  the  arsenic 
condenses^  retaining  the  latter  in  a  filtering-medium.  The  latter 
is  afterwards  freed  from  arsenic  by  heatings  and  the  arsenic  is 
condensed. 

B.   Contact 'Apparatus. 

Remmert  (G.  P.  59,556,  of  Dec.  23, 1890)  laid  down  the  principle 
that  when  hot  gases  are  passed  over  solid  substances  whereby  they 
undergo  a  change  with  development  of  heat,  layers  of  different 
temperature  are  produced  at  right  angles  to  the  direction  of  the 
gaseous  current.  This  holds  good  also  in  the  formation  of  SO3 
by  the  contact-process.  The  gases,  getting  heated  by  this  process, 
raise  the  temperature  of  the  following  layers  of  the  contact-sub- 
stance to  the  point  of  reaction.  Thus  the  reaction  spreads  over 
the  whole  mass,  but  the  heat  of  the  gases  going  out  is  lost.  This 
can  be  avoided  by  reversing  the  direction  of  the  gaseous  current, 
when  the  heat  is  at  a  maximum  at  the  far  end  of  the  contact- 
apparatus,  and  introducing  the  gases  first  at  that  end.  This 
causes  a  more  equal  temperature  and  a  saving  of  fuel  in  the 
previous  heating  of  the  gases. 

Raynaud  and  Pierron  (Engl.  pat.  16,254,  of  Feb.  15,  1900) 
improve  the  catalytic  action  in  one  of  the  following  ways  : — 1st, 
the  temperature  is  kept  uniform,  but  the  contact-substance  used 
is  first  poor  in  platinum,  then  rich,  and  then  again  poor;  2nd, 
the  contact-substance  remains  the  same,  but  the  temperature  is 
first  low,  then  higher,  then  again  lower.  During  the  first  phase 
the  reaction  SO2  +  O  is  commenced,  during  the  second  phase  it  is 
completed,  but  as  there  is  again  a  dissociation  of  SO3,  this  is 
brought  back  in  the  third  phase. 

Babatz  (Engl.  pat.  1216,  of  Jan.  19,  1900)  heats  the  purified 
kiln-gas  by  the  non-purified  gases  on  their  way  to  the  purifying- 
plant.  The  heat  obtainable  from  this  source  should  be  more  than 
suflScient  for  bringing  up  the  purified  gases  to  such  a  temperature 
that  no  further  heating  of  the  contact-apparatus  is  required  (comp. 
suprti  the  previous  patents  of  the  Badische  and  of  Hochst). 

Daub  and  Deuther  (B.  P.9536,  of  April  24, 1902)  try  to  prevent 
the  over-heating  of  the  contact-substance  by  the  reaction-heat  in 
the  following  manner : — The  apparatus  consists  of  alternately 
arranged  heating-  and  contact-chambers,  the  former  being 
provided  with  independent  means  for  heating  or  cooling  the 
gases,  and  the   latter  with  a  passage  for  the   whole  of  the  gas 
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conducted  into  the  apparatus  through  contact-material  disposed  in 
the  contact-chamber  in  such  a  manner  that  the  gases  and  contact- 
matter  reciprocally  maintain  and  equalize  the  temperature  in  the 
chamber  and  prevent  local  overheating. 

P.  Naef  has  taken  a  number  of  patents  concerning  a  method 
of  treating  solid  materials  with  gases,  consisting  in  passing  hot 
gases  through  the  solid  material,  withdrawing,  readjusting  the 
temperature,  and  repassing  the  gas  through  the  solid  material  st^ 
as  to  simultaneously  produce  several  gas-circuits  through  the 
solid  material.  In  one  of  these  (B.  P.  No.  23,415  C,  April  26. 
1899)  he  brings  in  the  oxidation  of  HCl  or  SOj  by  air.  Other 
patents  follow  in  1900,  No.  18,188  with  134  claims.  No.  18,191 
with  154  claims;  then  No.  14,977  of  1901. 

The  Tentelewsche  chemische  Fabrik  (French  patent,  321,275. 
May  20,  1902)  describe  various  modifications  for  regulating  the 
temperature  in  the  contact-oven. 

Wenmaekers  (B.  P.  19,902,  of  Oct.  15,  1901)  passes  the  gase> 
from  pyrites-kilns  through  cooling-pipes,  then  through  a  dry  coke- 
tower,  thence  to  another  tower  into  which  steam  is  injected,  and 
lastly  through  a  coke-tower  sprayed  with  concentrated  sulphuric 
acid.  From  here  they  pass  into  the  contact-apparatus,  the  heat  oi 
the  issuing  gases  serving  to  heat  up  the  arriving  gases.  After 
taking  out  the  sulphuric  anhydride  formed,  the  gases,  still  re- 
taining SOj,  are  returned  to  the  steaming-column  and  re-enter 
the  process. 

Stone  (U.S.  P.  71 1,186,  of  Oct.  14,  1902)  describes  a  contact- 
apparatus  consisting  of  independent  sections,  each  containing  aa 
individual  charge  of  contact-substance.  Each  section,  as  its  charge 
becomes  spent  in  working,  is  replaced  by  a  freshly-charged  section. 

Herreshoff  (U.S.  P.  719,332  and  719,333,  Jan.  27, 1903}  effect^ 
a  partial  conversion  of  the  gases  into  SO3,  then  cools  the  residuaj 
gases  by  heat  exchange  with  entering  gases,  and  returns  them  to 
the  contact-apparatus  for  complete  transformation  For  this  k 
employs  a  specially  constructed  apparatus. 

H.  A.  Frasch  (U.S.  P.  715,778,  of  Dec.  16,  1902)  obtains 
sulphur  dioxide  in  a  concentrated  condition,  suitable  for  the  mann- 
facture  of  sulphuric  acid  or  anhydride  by  the  contact-process,  a^ 
follows : — The  pyrites-burner  gases  are  washed  and  cooled  and  sub- 
jected to  pressure  in  contact  with  water  already  saturated  with  SOf 
at  atmospheric  pressure ;  they  are  then  washed  under  pressure  wi^^^ 
fresh  water,  and  the  surcharged  solution  is  reduced  to  atmospbenc 
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pressure,  the  gas  evolved  being  stored  or  at  once  utilized.  The 
surplus  solution  is  heated,  and  the  SO2  evolved  is  returned  to  the 
absorber. 

Ferguson  (B.  P.  6824,  of  March  24,  1903 ;  U.S.  P.  723,595  and 
723,596,  of  March  3,  1903)  employs  two  contact-chambers ;  after 
the  gases  have  passed  the  first,  and  have  been  partially  converted 
into  SO3,  more  air  is  mixed  with  these,  and  they  are  now  passed 
through  the  second  chamber,  where  the  conversion  is  completed. 

Sebillot  (E.  P.  21,616,  of  Oct.  14,  1898;  U.S.  P.  700,249,  of 
May  20,  1902)  makes  sulphuric  acid  (not  anhydride)  by  burning 
sulphur-ores  in  a  ^' blast-furnace ''  in  which  ore  and  fuel  are 
alternately  charged,  air  being  forced  in.  The  gases  pass  into  a 
mixing-chamber,  and  from  this  into  contact-chambers.  These 
contain,  on  a  perforated  bottom,  pieces  of  pumice-stone,  the  inter- 
stices being  filled  with  loose  asbestos,  and  above  this  a  series 
of  perforated  stoneware  plates,  each  supporting  a  layer  of  asbestos 
and  of  spongy  platinum.  Into  the  free  space  above,  the  hot 
mixture  of  sulphur  dioxide  and  air  is  led  along  with  steam  and 
a  regulated  supply  of  air,  and  the  gaseous  mixture  is  drawn 
down  through  the  contact-material  into  the  bottom  chamber  of 
the  column,  in  which  pipes  are  set,  cooled  by  a  current  of  water, 
whereby  the  acid-vapours  are  condensed. 

Le  Blanc  and  Krauss  (U.S.  P.  726,076,  of  April  21,  1903)  pass 
gases,  containing  about  7  per  cent.  SO2  and  9  per  cent.  O,  into 
a  first  contact-chamber,  kept  at  about  500°  C,  in  the  proportion 
of  about  120  litres  of  burner-gas  to  1  kilog.  platinized  asbestos 
per  minute,  and  afterwards  at  the  same  speed  through  a  second 
chamber  kept  at  about  400*^  C. 

C.  Absorbing- Apparatus, 

Stone  (U.S.  P.  695,180;  Joum.  Soc.  Chem.  Ind.  1902,  p.  476) 
describes  an  apparatus  for  cooling  and  absorbing  sulphuric  an- 
hydride, composed  of  a  number  of  pipes  and  presenting  no  special 
interest. 

According  to  the  Alkali  Inspector's  Report,  No.  38,  p.  16, 
similar  difficulties  in  completely  retaining  the  white  fumes  as  have 
been  observed  in  the  case  of  top-fired  pans  (p.  816)  have  been 
also  met  with  in  the  manufacture  of  SO3  by  the  contact-process. 

For  the  absorption  of  SO3  we  must  take  into  account  the 
considerable  quantities  of  water  introduced  into  the  process  by 
the  operations  of  washing  and  drying.     These  are  converted  into 
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dilute  acid,  and  must  be  brought  up  to  H2SO4  by  means  of  SO;. 
In  the  Ludwigshafeu  process  the  quantity  of  SO3  and  SO*  taken 
out  of  the  gases  by  the  washing-operation  is  from  6  to  8  per  ceDt. 
of  the  total.  Much  more  is  taken  up  by  the  operation  of  dryin? 
the  gas.  With  gases  of  7  volume  per  cent.  SO2  the  weight  01 
SO3  per  cubic  metre  is  250  grams.  If  the  gases  leave  the  washe^ 
at  25°  C,  saturated  with  moisture,  they  will  contain  per  cubii 
metre  (at  a  tension  of  23*5  millim.)  27*3  grams  H2O,  correspondins 
to  121'3  grams  SO3,  or  nearly  half  of  the  above  250  gramv 
Altogether  about  60  per  cent,  of  the  SO3  formed  is  converted  bj 
water  into  H3SO4,  leaving  40  per  cent,  at  disposal  in  the  fm 
state. 

HerreshoflF  (U.S.  P.  722,981,  of  March  17,  1903)  passes  in:. 
a  vessel,  provided  with  a  cooling-jacket  close  to  its  bottom,  th: 
vapours  of  SO3,  and  at  the  same  time  enough  water  or  dilute  acii 
to  produce  an  acid  of  the  desired  strength. 

D.  Improvements  in  the  Manufacture  of  Contact-Substances. 

It  may  be  assumed  that  one  kilogram  platinum,  in  the  shape 
of  ordinary  platinum  asbestos,  can  produce  with  a  good  proces* 
from  600  to  700  kilograms  SOg  per  24  hours.  The  high  pria 
of  platinum  makes  it  desirable  to  prepare  very  active  contact- 
substances. 

A  German  patent  of  CI.  Winkler's  (No.  4566,  Sept.  21,  187S 
describes  the  preparation  of  extremely  active  catalytical  substance^ 
from  precious  metals  or  metallic  oxides  in  the  finest  state  >. 
division,  with  which  an  indifferent  porous  matter  is  impregnate 
almost  in  the  same  way  as  a  textile  fabric  is  dyed  in  the  becx 
The  best  catalytical  substance  is  platinum,  also  iridium  or  pali. 
dium,  less  so  the  oxides  of  iron,  chromium,  manganese,  cobalt^  aii 
copper.  As  an  indifferent  menstruum  almost  any  loose  poruu' 
substance  may  be  used,  preferably  asbestos,  but  also  glass-woe. 
pumice,  infusorial  earth  (Kieselguhr),  clay,  and  where  a  very  hig^ 
temperature  is  not  required,  even  cellulose,  cotton-wool,  ^- 
cotton,  sponges,  &c. 

In  order  to  charge  asbestos  with  finely  divided  platinum^  it  - 
thoroughly  soaked  with  a  solution  of  platinum  chloride  md'- 
alkaline  by  soda  and  mixed  with  sufficient  sodium  formiate  t 
reduce  the  platinum.  The  well- wrought  pasty  mixture  is  dried  ii- 
a  water-bath;  thus  the  platinum  is  separated  as  ''platinur^ 
black,"  and  is  firmly  precipitated  upon  the  fibre.     The  salts  an 
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removed  by  washings  without  washing  oflf  the   platinum.     The 
quantity  of  the  latter  precipitated  depends  upon  the  strength  of 
the  solution  of  platinum  chlorides  ;  with  asbestos  or  cotton-wool  a 
percentage   of  80   platinum    may  be   attained.     Metallic  oxides 
exhibit  cataly  tical  action  only  at  higher  temperatures^  and^  accord- 
ingly^ must  be  precipitated  upon  fire-proof   substances.      Thus 
asbestos  or  pumice  may  be  thoroughly  impregnated  with  chromium 
oxide  by  soaking  in  mercurous  nitrate,  then  in  ammonium  chro- 
mate^  drying  each  time^  and  ultimately  gently  igniting.     Cupric 
oxide  is  precipitated  firmly  by  soaking  in  an  ammoniacal  solution 
of  cupric  carbonate  and  gently  igniting.     Asbestos  may  also  be 
soaked  with  solutions  of  manganous  or  cobaltous  chloride^  &c., 
dried^   put  into   a  heated   solution    of  bleaching-powder    or  of 
another  precipitant,  dried  again,  washed,  and  ignited.    The  contact- 
substances  prepared  in  this  way,  owing  to  their  homogeneous 
condition    and  their   very   large   surface,   cause,   either    at   the 
ordinary  or  at  a  higher  temperature,  the  combination  of  certain 
gases,  such  as  that  of  SO2  and  O  into  SOs,  the  conversion  of  the 
CS3   in    coal-gas    into   H^S,    the    oxidation   of   the   vapour    of 
alcohol,  &c.     They  may  be  employed  for  all  reactions  based  upon 
the  phenomena  of  so-called  "  catalytic  action.^' 

The  preparation  of  extremely  active  platinum  black  has  been 
described  by  Loew  (Ber.  d.  deutsch.  chem.  Ges.  1890,  p.  289). 
Already  Doebereiner  has  shown  that  the  degree  of  activity  of 
platinum  black  differs  very  much  with  the  method  of  preparation 
employed.  That  made  with  zinc  and  hydrochloric  acid  is  less 
active  than  that  made  with  an  alkaline  solution  of  glucose,  and 
this  is  inferior  to  that  which  is  precipitated  from  platinic 
sulphate  by  alcohol.  The  proportion  is  1 :  1*8  :  2*6.  Far  more 
active  again  is  the  following  preparation^  made  with  formaldehyde 
of  40  or  45  per  cent. : — 50  grms.  platinic  chloride  are  dissolved 
in  a  little  water,  to  a  volume  of  50  or  60  c.c,  and  mixed  with 
70  c.c.  of  40  to  45  per  cent,  formaldehyde.  To  this  is  added, 
quite  gradually  and  with  good  cooling,  a  solution  of  50  grms. 
caustic  soda  in  the  same  quantity  of  water.  Most  of  the  metal 
is  separated  at  once.  When,  after  12  hours,  the  mass  is  filtered 
by  means  of  a  filter-pump,  a  yellow  solution  passes  through, 
which  on  boiling  separates  a  little  metal.  When,  however,  most  of 
the  salts  (sodium  chloride  and  formiate)  has  been  removed  by 
washing,  a  deeply  black  solution  runs  off,  some  of  the  black  mud 
going  into  solution.     Therefore  the  washing  is  interrupted  until 


1088  MANUFACTURE  OF  FUMING  OIL  OF  VITRIOL. 

an  oxidizing  process  now  going  on  in  the  black  mud  has  been 
finished^  whereupon  the  liquor  runs  off  colourless.  That  process 
consists  in  the  rapid  absorption  of  oxygen  by  the  black  mass  on 
the  filter ;  the  temperature  rises  to  86®  or  40°,  and  many  gas- 
bubbles  are  given  off  with  a  crackling  noise^  lasting  for  seTenl 
hours.  The  fine  mud  has  now  turned  into  a  loose  porous  mas$. 
which  is  washed  till  every  trace  of  chlorides  has  been  removed, 
then  pressed  and  dried  over  sulphuric  acid.  Even  a  trace  of 
sodium  chloride  is  extremely  prejudicial  to  the  action  of  the 
platinum  blacky  a  coating  of  platinous  chloride  being  formed  ic 
that  case.  The  black  mass  evidently  contains  an  organic  compouDd 
of  platinum^  which  is  afterwards  destroyed  by  oxidation. 

Majert  (G.  P.  134,928)  dissolves  platinum  chloride  in  ethyl 
alcohol,  methyl  alcohol,  acetone  or  acetic  ether,  soaks  asbestos 
or  the  like  in  that  solution,  and  sets  fire  to  it.  The  platinum  is 
reduced  to  the  metallic  form  in  a  very  fine  state  of  division,  and 
firmly  attached  to  the  asbestos.  Thus  platinized  asbestos  of  great 
eflScacy  can  be  obtained  with  only  2  per  cent,  platinum. 

Langhans  (G.  P.  134,738)  employs  the  double  compounds  of 
methyl  sulphide  or  its  homologues  with  the  halogen  compounds  of 
platinum  dissolved  in  bromoform. 

Klaudy  and  Efrem  (E.  P.  14,339,  of  1899)  employ  as  usual  a 
fire-proof  carrier,  with  a  platinum  salt  and  an  organic  reducing- 
substance,  but  together  with  hydrofluoric  or  hydrofluosilicic  acid. 
They  employ  meerschaum  or  clay,  which  is  treated  with  aqua  regia 
or  strong  sulphuric  acid,  and  freed  from  the  soluble  salts  thu» 
formed  by  washing  with  water.  They  then  add  the  platinum  salt 
and  a  reducing-agent,  such  as  sugar,  with  or  without  finely  divided 
carbon,  and,  moreover,  hydrofluoric  or  (preferably)  hydrofluosilicic 
acid,  the  latter  for  the  purpose  of  forming  a  hard  porous  mass, 
which  especially  acts  also  by  etching  the  smallest  particles  of  the 
clay  and  enlarging  the  active  surfaces.  The  paste  thus  formed  is 
moulded,  dried,  and  ignited.  These  masses  act  as  catalyzer^ 
already  at  ordinary  temperatures,  especially  for  lighting  gas- flames, 
and  are  much  harder  and  more  durable  than  platinized  asbestos,  &c. 

Goldenberg,  Geromont,  &  Co.  (E.  P.  618,  of  1900)  prepare 
contact-substances  from  non- porous  sintered  materials  in  the  shape 
of  spheres,  cylinders,  or  plates,  on  which  a  very  thin  porous  layer 
of  clay  has  been  fixed  by  burning.  Both  materials  must  be 
heat-  and  acid-resisting.  These  bodies  are  treated  with  platinam 
solution,  which  penetrates  only  the  porous  surface,  leaving  the 
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sintered  cores  free,  so  that  tbe  platinum  is  fully  utilized  by  the  gases 
circulating  between  the  bodies  which  diffuse  through  the  thin  layer. 

Saubermann  (G.  P.  125^988)  divides  the  asbestos  into  fine  parallel 
fibres^  which  are  spun  into  tissues  (principally  for  incandescent 
mantels). 

C.  J.  E.  de  Haen  (B.  P.  8545,  1901 ;  U.S.  P.  687,884)  mixes 
asbestos  with  vanadic  add  in  a  fine  state  of  division  by  soaking  it 
with  ammonium  vanadate  and  igniting.  This  reagent  is  asserted 
to  e£Pect  a  combination  of  SO2  with  O  up  to  84  per  cent,  at  a 
temperature  of  465^  C.  Haeussermann  (Chem.  Zeit.  1902,  p.  6) 
points  out  that  the  vanadium  compounds  have  been  known  for  a 
long  time  as  oxygen  carriers,  and  have  also  been  proposed  for  the 
present  case. 

Bonhard  and  Loyer  (P.  P.  321,578,  April  22,  1902)  employ  the 
oxides  of  metals  of  the  tantalum  group,  after  reducing  them  in  the 
electric  furnace  to  a  spongy  mass,  as  a  contact-material  for  the 
manufacture  of  SOs. 

According  to  the  French  patent.  No.  818,770,  of  the  Comp. 
Parisienne  de  Couleurs  d' Aniline,  asbestos  soaked  in  phosphoric 
acid  and  dried  transforms  90  per  cent,  of  SO2  into  SOs* 

Neuendorf  (G.  P.  127,846,  Oct.  28,  1899)  evaporates  a  solution 
of  barium  (strontium  or  calcium)  chloride  to  dryness,  impregnates 
the  dry  crusts  formed  with  a  solution  of  platinum  chloride,  dries 
the  mass,  and  converts  it  into  sulphate  by  a  stream  of  S02>  steam, 
and  air,  or  by  vapours  of  H2SO4  at  a  high  temperature.  Or, 
preferably,  he  first  forms  the  sulphate  in  the  aforesaid  manner, 
and  subsequently  soaks  it  with  platinum  chloride. 

Porter  (U.S.  P.  612,614,  of  Oct.  18, 1898)  describes  (principally 
for  use  in  lighting  gas-jets)  mixtures  of  a  catalytical  metal 
(platinum,  &c.)  with  infusible  metallic  oxides  (mainly  Al^Os, 
but  also  the  oxides  of  Zr,  Ce,  Mg,  &c.)  produced  as  follows : — 
A  solution  of  1  part  platinum  chloride  is  mixed  with  8  parts 
hydrated  aluminium  chloride  and  the  mixture  is  used  for 
impregnating  cotton,  wood-pulp,  or  other  combustible  materials. 
This  product  is  heated  in  contact  with  air,  the  organic  substance 
is  burnt  and  leaves  behind  a  mixture  of  metallic  platinum  and 
alumina  in  a  very  porous  form.  The  organic  substance  causes 
the  reduction  of  Pt  at  a  low  temperature  and  the  alumina  prevents 
the  platinum  black  from  uniting  into  a  denser  form.  Preferably 
1  part  Pt  is  employed  to  2-6  parts  Al. 

VOL.  I.  4  a 
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Briegleb  (G.  P.  121,906,  of  Jan.  25,  1900 ;  B.  P.  11,792,  of 
June  18,  1901)  moulds  the  oxides  of  iron,  copper,  or  chrommm 
with  10  per  cent,  clay  into  briquettes,  places  them  on  a  grate  in 
an  upright  shafts  and  heats  them  by  means  of  a  second,  lower 
grate,  on  which  coke,  anthracite,  or  charcoal,  free  from  hydrogen, 
are  burnt,  or  else  by  producer-gas.  The  fuel  must  be  free  from 
hydrogen.  [Such  a  fuel,  whether  solid,  liquid,  or  gaseous^  is 
not  known,  nor  is  the  heating  of  the  contact-substance  at  all 
necessary,  as  the  heat  of  the  burner-gas  is  quite  sufficient  for  this 
purpose.] 

Blackmore  (U.S.  P.  686,021,  of  1901)  passes  hot  sulphur  dioxide, 
containing  vapours  of  sulphur,  over  ferric  oxide  in  order  to 
produce  SO3,  on  the  principle  of  replacing  the  oxygen  of  ferric 
oxide  by  a  substance  possessing  greater  affinity  to  the  metal  [?]. 

The  same  (U.S.  P.  686,022)  brings  SOj  into  contact  with 
FcjOb  at  a  temperature  lying  below  the  dissociation  point  of  SOj. 
passes  the  SO3  formed  into  a  condensing-apparatus,  raises  the 
temperature  of  the  iron  residue,  passes  oxygen  over  it,  allows  to 
cool  down  to  a  suitable  point,  and  recommences  the  operation 
by  admitting  SOj. 

Hans  A.  Frasch  (U.S.  P.  664,634,  of  Dec.  25,  1900)  passes  the 
gases  from  ordinary  ore-burners  into  a  '^converter''  in  which 
some  more  sulphur-ore  (preferably  pyrites)  is  contained,  but  only 
enough  ore  is  burned  therein  to  maintain  the  proper  temperature 
and  to  produce  fresh  ferric  oxide.  The  gases  pass  through  this 
catalytic  converter  from  the  top  downward;  there  may  be  a 
magazine  provided  for  self- feeding,  so  that  the  amount  of  cinder 
drawn  from  the  bottom  regulates  the  charge  of  fresh  ore  and  heuce 
the  temperature.  If  necessary^  the  gases  coming  from  the  ordinary 
roasting-furnace  (pyrites-kiln,  &c.)  can  be  cooled  before  enteriug 
the  catalytic  converter,  the  temperature  of  the  contact-mass  being 
regulated  by  adjusting  the  proportions  of  sulphur  burning  in,  and 
the  SO3  gases  admitted  to,  the  converter.  Such  a  catalytic  con- 
verter, burning  a  moderate  quantity  of  pyrites,  may  be  added  to 
the  ordinary  burners  used  in  the  metallurgy  of  zinc,  copper; 
nickel,  &c. 

Carey,  Heslop,  and  the  United  Alkali  Co.  (B.  P.  10,851,  of  1902! 
precipitate  platinum  upon  inorganic  salts  (sulphate  of  soda),  i^ 
this  case  any  acid  and  aqueous  particles  contained  in  the  gases 
are  said  to  do  no  harm. 
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Hoelbling  and  Ditz  (G.  P.  142,144,  of  April  9,  1902)  employ 
rare  earths  :  Ce,  La,  Di,  Th,  Y. 

Masson  (Fr.  P.  324,859)  produces  HCl,  together  with  SO4H8 
or  SOg,  by  heating  equivalent  quantities  of  CI,  SO2,  and  super- 
heated steam,  with  or  without  the  presence  of  platinum  asbestos. 

E.  Manufacture  of  SO^from  By-products, 

Acid-tar  J  as  obtained  in  the  chemical  treatment  of  petroleum, 
paraffin,  and  the  like,  is  utilized  for  the  manufacture  of  SO3  by 
J.  D.  Starck  (E.P.  12,028,  of  Aug.  29,  1889)  in  the  following 
manner : — ^The  acid-waste  is  fed  in  at  the  lower  end  of  an  inclined 
iron  retort,  within  which  revolves  an  endless  screw,  for  the 
purpose  of  drawing  outwards  the  residual  coke-like  mass.  The 
sulphur  dioxide  and  water  produced  are  freed  from  water  and 
hydrocarbons  by  means  of  a  condenser  and  wash-chamber ;  they 
are  then  dried  in  a  sulphuric-acid  tower,  mixed  with  a  suitable 
proportion  of  dry  air  or  oxygen,  and  conducted  through  a  tube 
containing  platinized  asbestos  or  other  contact-substance.  The 
SO3  produced  is  condensed  or  absorbed  in  sulphuric  acid^  and  the 
residual  SO2  is  passed  into  ordinary  vitriol-chambers. 

Recovery  of  sulphuric  anhydride  from  waste  materials  containing 
such,  as  obtained  in  the  manufacture  of  coal-tar  colours. — ^This  is 
the  object  of  a  proposal  of  Schulze-Berge  (G.  P.  35,620),  who 
employs  a  partial  vacuum  for  distilling  SOg  from  such  mixtures 
by  means  of  a  special  apparatus.  Already  in  1885,  Aug.  8th, 
E.  D.  Kendall  (U.S.  P.  323,583)  prescribes  the  distillation  in  a 
partial  vacuum  for  recovering  the  SOa  from  a  mixture  of  fuming 
sulphuric  acid  with  organic  substances,  in  order  to  lower  the 
temperature  and  to  produce  less  SOg. 

Carey,  Heslop,  and  the  United  Alkali  Co.  (E.  P.  10,317,  of 
June  5,  1900)  treat  the  waste  gases  from  the  Claus- Chance  process 
for  the  recovery  of  alkali-waste  in  the  following  manner : — ^The 
gases  are  passed  with  air  through  a  furnace  to  bum  the  H2S  into 
SO3,  then  dried  in  a  tower  by  sulphuric  acid,  and  then  passed  over 
or  through  a  catalytic  agent,  such  as  platinized  asbestos  or  iron 
oxide,  maintained  at  a  suitable  temperature,  to  obtain  SOg. 
According  to  the  Alkali  Inspector's  Reports,  No.  38,  p.  15,  this 
process  was  successful  on  the  small  scale,  but  was  found  too  ex- 
pensive to  be  introduced  into  actual  practice. 

4a2 
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CHAPTER  XII. 

OTHER  PROCESSES  FOR  MANUFACTURING 

SULPHURIC  ACID. 

All  the  other  processes  which  have  been  proposed  for  producing 
sulphuric  acid,  numerous  as  they  are^  can  be  dismissed  with  a  verr 
few  words,  since  not  one  of  them  has  had  any  technical  success  or 
promises  to  become  successful  in  the  future,  except  perhaps  the  first. 
The  details  can  be  found  in  the  places  quoted. 

I.  Oxidation  of  Sulphurous  Acid  by  means  of  Nitrous  Acid,  M 

without  Lead  Chambers. 

Proposals  for  replacing  the  lead  chambers  by  chambers  made  of 
india-rubber,  gutta-percha^  slate,  "  zeiodelite,"  glass,  &c.  haTe 
been  mentioned  on  p.  422. 

MacDougal  and  Bawson  (patent  of  Nov.  21st,  1848)  conduct 
sulphur  dioxide  and  air  through  nitric  acid  contained  in  a  Wonlfe's 
bottle,  in  which  sulphuric  acid  and  nitrogen  peroxide  are  generated; 
the  latter,  with  the  air  in  excess,  passes  through  several  vessels 
filled  with  water,  in  which  the  nitric  acid  is  regenerated. 

Hunt  (patent  of  Aug.  16th,  1853)  conveys  a  mixture  of  sulphur 
dioxide  and  air  through  a  tower  filled  with  pebbles,  in  which 
nitrous  vitriol  continuously  trickles  down.  This  principle  had 
already  been  proposed  by  Gay-Lussac;  and  it  is  actually  carried 
out  in  the  Glover  towers,  so  far  as  it  is  practicable — ^that  is,  br 
conducting  the  escaping  gases  into  lead  chambers.  (Comp.  also 
pp.  979  and  980.) 

Persoz  (' Technologiste,'  xvii.  p.  461;  'Dingler's  Journal, 
cxxxix.  p.  427 ;  Wagner^s  '  Jahresbericht,'  1856,  p.  54)  passes 
sulphur  dioxide  through  nitric  acid  diluted  with  from  4  to  6 
volumes  of  water,  and  heated  to  100°  C,  or  through  a  mixture  of 
nitric  acid  or  a  nitrate  with  hydrochloric  acid,  in  a  comparatirelj 
small  glass  or  stoneware  vessel,  promoting  contact  by  an  agitator. 
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The  gases  generated  by  the  redaction  of  the  nitric  acid  ascend  in 
condensing-towers^  where  they  are  regenerated  into  nitric  acid  by 
an  ascending  current  of  air  and  a  descending  jet  of  water.  The 
sulphur  dioxide  might  even  be  diluted  with  carbonic  acid,  nitrogen, 
or  other  gasesi  In  theory  this  process  is  right  enough ;  in  practice 
it  is  said  to  have  failed,  principally  from  the  difficulty  of  construct- 
ing vessels  suitable  for  resisting  the  acids  (?). 

Verstraet's  tubular  apparatus  ('  Bulletin  de  la  Societe  d'Encou- 
ragement,'  1865,  p.  581 ;  *  Dingler's  Journal,*  clxxix.  p.  63 ;  Wag- 
ner's ^  Jahresbericht,'  1865,  p.  226)  has  been  mentioned  previously 
(p.  476).  The  Jury  Report  of  1851  asserted  that  similar  stone- 
ware vessels,  constructed  by  Fouch^-Lepelletier,  were  at  work  at 
Javel,  near  Pans,  and  that  in  that  factory  one-third  of  the  annual 
make  of  3600  tons  was  produced  in  them,  with  one-third  of  the 
cubic  contents  and  at  one-eighth  of  the  cost  of  lead  chambers. 
This  assertion  has  been  proved  to  be  entirely  erroneous  by  original 
correspondence  in  Hofmann's  '  Report  by  the  Juries,'  1862,  p.  8. 

Lardani's  apparatus  (Bull.  Soc.  Chim.  viii.  p.  295;  Chem. 
News,  1868,  No.  441,  p.  238)  has  also  been  described  above 
(p.  476) ;  it  exemplifies  no  essentially  novel  principle. 

Kuhlmann  (English  patent,  Dec.  11,  1850)  proposed  to  force  a 
mixture  of  sulphuretted  hydrogen  (from  soda-waste)  and  air 
through  nitric  acid,  by  which  nearly  all  the  sulphur  was  said  to 
be  oxidized  to  sulphuric  acid ;  this  is,  however,  not  the  case. 

Petrie  (English  patent,  Aug.  11,  1860)  employs  a  system  of 
stoneware  pipes  filled  with  pebbles,  through  which  a  current  of 
nitric  acid  passes  from  one  side,  and  one  of  SO^  and  air  from  the 
other,  the  quantities  of  the  materials  and  the  construction  of  the 
apparatus  being  arranged  in  such  a  manner  as  to  avoid  any  loss  of 
nitric  acid. 

Pinch  and  W.  J.  &  S.  Willoughby  (E.  P.  3086,  1884)  pump  a 
mixture  of  burner-gases,  nitrous  fumes,  and  steam  into  a  tower, 
where  they  are  subjected  to  a  certain  amount  of  pressure,  in  order 
to  facilitate  their  combination.  The  escaping  gases  pass  forward 
into  other  similar  towers,  and  at  last  through  a  Gay-Lussac 
column. 

W.  Burns  (E.  P.  14,441,  1886)  seeks  also  to  promote  the  com- 
bination of  the  gases  by  pressure,  together  with  a  peculiar  kind 
of  agitation,  in  an  ingeniously  devised,  but  hardly  practicable 
apparatus. 
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Hannay  (E.  P.  12,247,  1886)  passes  the  sulphurous  and  nitrous 
gases  through  a  condensing-tower,  where  they  become  minutely 
subdivided  and  thoroughly  mixed  by  passing  through  screens, 
which  are  kept  moistened  by  a  continual  stream  of  water  trickling 
on  them,  the  process  being  repeated  until  the  solution  of  sulphuric 
acid  formed  acquires  sufficient  strength,  when  it  is  drawn  off  and 
a  fresh  supply  of  water  is  run  into  the  apparatus. 

A.  &  L.  Q.  Brin  (E.  P.  12,070,  1886)  burn  pyrites  with  pure 
oxygen,  and  convert  the  mixture  of  SOj  and  0  into  sulphuric  acid 
by  means  of  nitrous  fumes.  A  special  apparatus  for  this  purpose 
is  contained  in  my  own  patent  No.  3166  of  1888,  which,  however, 
was  only  taken  to  cover  the  ground,  the  principal  object  of  my 
invention  being  the  production  of  sulphuric  anhydride,  for  which 
the  cost  of  pure  oxygen  might  be  more  easily  afforded  than  for 
ordinary  sulphuric  acid.  That  oxygen  cannot  be  prepared,  as  some 
imagine,  in  a  cheap  way  by  electrolysis,  employing  the  hydrogen 
evolved  as  fuel  for  dynamo-machines,  has  been  demonstrated  by 
Scheurer-Kestner,  in  criticising  a  proposal  of  Justinus  Mullera^ 
for  manufacturing  sulphuric  acid  without  chambers  by  means  of 
oxogen  obtained  in  the  above  manner  (Bull.  Soc.  Ind.  Mulh.  1890, 
p.  276).  1  kilog.  of  oxygen  (100  litres  at  QP  and  760  millim. 
per  hour  would  require  a  djnamo  of  12^  horse-power,  or  131,250 
calories,  which  means  burning  about  18f  kilog.  of  coal,  which  in 
France  cost  about  3^d. ;  the  corresponding  amount  of  hydrogen 
by  its  combustion  would  only  furnish  4312  calories^  or  3  per 
cent,  of  the  above.  A  ton  of  real  HjSO^  requires  490  kilog.  oxygeu, 
which  would  cost  £7  3s. ! 

Durand,  Hugnenin,  &  Co.  (F.  P.  205,589,  May  9,  1890)  pass  a 
mixture  of  sulphur  dioxide  and  air  through  tanks,  charged  with 
nitric  acid  or  solutions  of  nitrous  products,  alternating  with  coii- 
densing-towers.  The  liquids  are  made  to  flow  systematically 
through  the  apparatus  in  such  a  manner  that  at  last  concentrated 
sulphuric  acid^  free  from  nitric  or  nitrous  acid,  is  obtained.  The 
above-mentioned  gaseous  mixture  is  produced  by  passing  com- 
pressed air  into  sulphur-  or  pyrites-burners,  thus  also  obtaining 
the  pressure  necessary  for  forcing  the  gas  through  the  liquids 
contained  in  the  tanks. 

Barbier^s  apparatus  for  manufacturing  sulphuric  acid  (B.  P. 
12,726^  1892)  consists  of  six  towers,  arranged  in  steps,  packed  with 
hollow  pieces  of  sandstone,  quarts,  or  the  like.     Burner-gas  enten 
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the  bottom  tower  and  passes  through  them  all.  The  towers  are 
connected  alternately  at  top  and  bottom;  the  last  serves  as  a 
Gay-Lussac.  Nitrous  vapours  and  steam  are  introduced  from  a 
concentrating-pan  fired  from  without.  The  acid  formed  in  the 
towers  drops  into  conceutrating-pans  placed  below  their  open 
bottoms,  or  into  a  collecting-vessel.  They  are  fed  with  a  mixture 
of  sulphuric  and  nitric  acid,  if  necessary  also  with  steam.  Private 
reports  concerning  Barbier^s  apparatus  complain  of  an  excessive 
consumption  of  nitric  acid  and  also  obstructions.  The  high  royalty 
also  acted  as  a  check  upon  experiments  with  it.  Candiani  (Chem. 
Ind.  1895,  p.  153)  remarks  that  the  only  Italian  factory  which 
had  introduced  Barbier's  process  (Villaf ranca)  had  not  been  very 
successful  with  it.  Boissieu  (Bull.  Soc.  Chim.  (3)  xi.  p.  726) 
asserts  that  the  Barbier  system  has  answered  very  well,  but  he 
unfortunately  does  not  quote  any  figures  or  other  proofs  for  this 
assertion;  Pierron  (Mon.  Scient.  1900,  p.  367)  reports  autlien- 
tically  that  it  has  been  entirely  abandoned. 

Staub  (Engl.  pat.  12,675,  1894)  describes  a  set  of  five  towers, 
packed  with  specially  moulded  earthenware  pieces,  and  fed  with 
nitric  acid,  nitrous  vitriol,  &c.  Staub's  apparatus  does  not  differ 
in  any  essential  point  from  the  principle  of  making  sulphuric  acid 
by  towers  alone,  without  lead  chambers,  as  attempted  by  a  number 
of  inventors  before  him.  His  strange  contention  that  he  was 
entitled  to  a  patent  for  that  principle,  because  he  had  been  the 
first  to  carry  it  out  by  a  special  apparatus,  was  rejected  by  the 
German  Imperial  Court  and  his  German  patent  No.  88,784 
cancelled.  Moreover  the  apparatus  which  he  had  set  up  in  1895 
at  Stolberg  and  in  1896  at  Wittenberg  was  worked  only  during  a 
very  short  time  and  then  stopped  on  account  of  bad  results  and 
of  extremely  high  consumption  of  nitre. 

I  have  already  (p.  501)  expressed  the  opinion  that  theory  does 
not  at  all  prevent  the  assumption  of  the  possibility  of  making 
sulphuric  acid  in  towers  alone,  without  vitriol-chambers,  on  a  com- 
mercial scale.  We  have  also  seen  (p.  493)  how  Mr.  Niedenfiihr 
plans  a  system  working  with  towers  alone.  It  is  quite  possible 
that  this  may  ultimately  fulfil  its  purpose,  but  it  would  of 
course  require  a  good  deal  of  trouble  till  all  details  are  worked 
out,  and  especially  till  that  drawback  is  removed  which  has 
frustrated  all  former  efforts  in  this  direction,  viz.,  the  excessive 
consumption  of  nitre. 
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II.  Processes  dispensing  with  Nitre. 

Gossage  (patent  of  Oct.  6th^  1857)  burns  sulphuretted  hydrogen 
from  soda-waste^  cools  the  products  of  combustion^  allows  them 
to  ascend  in  a  coke-tower  fed  with  water^  runs  the  solution  of 
sulphurous  acid  thus  obtained  down  another  coke-tower  supplied 
with  hot  air,  by  which  the  SO^  is  partly  changed  into  SO4H9,  and 
conyeys  the  remaining  SO3  into  a  lead  chamber^  where  it  is  com- 
pletely oxidized  in  the  usual  way.  According  to  Gossage's  owe 
avowal  (Hofmann^  Report  by  the  Juries,  1862,  p.  9)  this  process 
is  not  practicable. 

Petrie  (patent  of  Nov.  1st,  1852)  allows  a  mixture  of  sulphur 
dioxide  and  water,  heated  to  300°,  to  meet  a  spray  of  water  in 
pipes  of  earthenware  or  iron  filled  with  silica,  or  finely  divided 
platinum,  &c. 

Hahner  (patent  of  March  28,  1854)  employs  chlorine  in  the 
presence  of  aqueous  vapour  for  oxidizing  SO^.  The  same  process 
has  been  patented  by  Macfarlane  (Jan.  14^  1863). 

Houz£  proposes  (Monit.  Industr.  vii.  p.  65)  to  bring  sulphur 
dioxide,  air,  and  steam  into  contact  in  stoneware  vessels  at  a 
temperature  a  little  below  red-heat.  Similar  vessels  are  said  to 
permit  distilling  the  acid  by  means  of  heated  air  or  superheatei 
steam  without  any  bumping. 

Surcouf  (Fr.  P.  310,600,  May  7,  1901)  manufactures  sulphuric 
acid  from  sulphur  dioxide  (and  nitric  oxide  from  ammonia)  by 
means  of  ozone,  heating  the  apparatus  from  the  outside  by  steam 
or  hot  gases,  in  order  to  hasten  the  reaction. 

Deacon  showed  in  1871  (Chem.  Trade  J.  1889,  vol.  v.  p.  193 
that  a  mixture  of  SO^  and  atmospheric  air  in  the  presence  of  a 
solution  of  cupric  sulphate  is  converted  into  sulphuric  acid,  but 
this  seems  to  have  become  very  little  known.  Later  on  the  same 
invention  was  made  by  Boessler,  and  was  specially  applied  to 
the  absorption  of  acid  smoke ;  it  has  been  described  on  p.  377. 
It  is  hardly  applicable  to  the  manufacture  of  sulphuric  acid 
proper,  but  possibly  to  that  of  copper  sulphate  from  waste  sulphur 
dioxide.  The  same  process,  extended  also  to  salts  of  manganese, 
iron,  or  tin,  has  been  patented  by  Clark  (for  Daguin),  No.  3669, 
1888. 

Sebillot  (G.  P.  109,484)  passes  SOj  and  air  through  towers 
packed   with  pumice,   and  receiving  steam    and   more    air,  at 
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temperatures  below  the  boiling-point  of  sulphuric  acid,  without 
any  nitric  acid. 

The  '*  contact  ^'-processes,  founded  upon  the  catalytic  action  of 
platinum  or  ferric  oxide,  are  described  in  Chapter  XI. 

III.  Sulphuric  Acid  from  Sulphates, 

The  neutral  sulphates  of  the  alkalies^  the  alkaline  earths^  and 
lead  are  as  good  as  unchangeable  at  a  red-heat.  The  acid  (pri- 
mary) sulphates  of  the  alkalies  are  first  changed  into  pyrosulphates 
(2NaHS04=Na2Ss07-hH30);  and  the  latter  afterwards  split  up 
into  neutral  sulphates  and  sulphuric  anhydride.  This  reaction, 
for  obvious  reasons,  cannot  be  thought  of  for  the  manufacture  of 
sulphuric  acid  proper,  but  only  for  that  of  fuming  acid,  under 
which  head  it  has  been  noticed  (comp.  suprh,  p.  968). 

Most  of  the  other  sulphates  are  no  better  adapted  for  the  manu- 
facture  of  sulphuric  acid.  Only  those  whose  metallic  radicals 
are  but  very  slightly  positive,  more  particularly  ferric  oxide 
and  alumina,  and  the  acid  sulphates  of  other  radicals,  yield  up 
their  sulphuric  acid  at  a  comparatively  low  temperature,  and 
consequently  all  or  the  greater  part  of  it  undecomposed ;  the 
other  sulphates  split  up  at  a  much  higher  temperature,  mostly 
decomposing  into  metallic  oxides,  sulphur  dioxide,  and  oxygen, 
yielding  only  a  small  portion  of  their  sulphuric  acid  as  such  or  as 
anhydride.  Even  if  it  were  otherwise,  their  high  price  would 
make  their  employment  for  the  manufacture  of  sulphuric  acid 
impossible  ;  most  of  them  are  themselves  produced  by  means  of 
ready-made  sulphuric  acid.  From  even  the  cheapest  and  most 
easily  decomposable  of  all  the  sulphates  in  question,  ferric  sulphate, 
only  fuming  oil  of  vitriol  can  be  made,  and  that  only  under 
especially  favourable  circumstances,  as  shown  p.  965. 

There  only  remain  the  sulphates  occurring  in  some  abundance 
in  nature  as  such,  viz.  those  of  baryta,  lime,  and  magnesia.  The 
first  of  these  has  hardly  ever  been  seriously  taken  up  for  this 
purpose;  but  the  sulphates  of  lime  (gypsum)  and  of  magnesia 
(kieserite)  have  very  frequently  been  so. 

Sulphuric  Acid  from  Calcium  Sulphate. 

The  enormous  quantities  of  sulphuric  acid  occurring  in  nature 
in  the  shape  of  gypsum  or  anhydrite,  and  nearly  worthless  in  this 
form,  have  occasioned  many  proposals  for  their  technical  utilization. 
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These,  however,  have  never  met  with  any  success ;  and  least  of  all 
can  any  prospect  of  it  be  held  out  nowadays,  since  an  abuudance 
of  cupreous  pyrites  has  been  discovered,  with  which,  so  far  as  can 
be  seen,  no  other  material  can  compete  in  cheapness. 

(1)  Production  of  sulphur  dioxide  from  gypsum. — TilghmaL 
(English  patent,  Feb.  1st,  1847)  passes  steam  over  red-hot  gypsum; 
CaO  is  said  to  remain  behind,  and  SO2,  O,  and  a  little  SO3  to 
escape.  For  the  identical  process.  Polony  obtained  an  Austrian 
patent  in  1887  (Zeitschr.  f.  angew.  Chem.  1888,  p.  57). 

Cary-Mantrand  (Barreswil  and  Girard,  Dictionn.  de  Chim. 
industr.  i.  p.  37)  exposes  ignited  gypsum  to  a  current  of  drr 
HCl  (whence  does  he  get  this?).  CaCl^  is  formed;  and  SO3, 0, 
and  SOa  escape. 

O.  Siemens   (Diugl.  Joum.  clxix.  p.  207 ;  Wagner's  Jahrest 

1863,  p.  208)  decomposes  a  fused  mixture  of  gypsum  and  commoii 
salt  by  steam.  There  remains  behind  basic  calcium  sulphide  witt 
a  little  NajS,  NajSOg,  and  Na2S20a ;  the  gases  given  off  are  SOr 
HCl,  and  HjS ;  the  latter  is  removed  by  conducting  COj  anc 
steam  at  the  same  time  into  the  melted  mass  (?).  This  process  i^ 
the  subject  of  strongly  adverse  criticism  by  Buff  ( Wagner^s  Jahresb. 

1864,  p.  170),  who  shows  that  the  decomposition  observed  has  been 
produced  merely  by  the  red-hot  iron  which  forms  the  material  of 
the  apparatus. 

Euenzi  (Wagner's  Jahresb.  1858,  p.  95)  fluxes  gypsum  vitt 
quartz,  sand,  clay,  &c.  to  an  easily  fusible  slag,  whilst  SO3  and  0 
escape.  The  same  proposal  was  made  by  Fremy,  and  also  by 
Archereau  (ibid.  1865,  p.  271),  by  the  latter  for  the  purpose  of 
utilizing  the  oxygen  as  well. 

O.  iSchott  (Dingl.  Journ.  ccxxi.  p.  442)  ignites  sodium  sulphau. 
gypsum,  and  coal,  in  order  to  obtain  a  frit  for  glass-making ;  tk 
SOa  is  to  be  conveyed  into  a  lead  chamber  along  with  the  other 
gas  and  converted  into  sulphuric  acid. 

Martin  (Bull.  Soc.  Chim.  xxi.  p.  47)  prescribes  making  an  arti- 
ficial sulphide  by  smelting  1700  parts  of  gypsum,  1000  of  ferric 
oxide,  and  500  of  coal  in  a  blast-furnace ;  this  is  to  be  burnt  iikf 
natural  sulphides.  In  this  case  at  most  a  monosulphide  of  iroi 
will  be  obtained,  and  that  will  cost  more  than  the  best  pyrites. 

Scheurer-Kestner  asserts  that  calcium  or  magnesium  sulpbatts 
when  calcined  with  ferric  oxide,  preferably  together  with  fluor- 
spar, gives  off  sulphuric  anhydride. 
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Cummings  (Amer.  P.  342,785  ;  E.  P.  by  Lake,  No.  7355, 1886) 
calcines  a  mixture  of  gypsum  and  clay  in  a  suitable  kiln;  a 
hydraulic  cement  is  formed,  whilst  SOg,  SOj,  and  O  are  expelled, 
and  are  converted  into  sulphuric  acid  in  the  usual  manner.  [This 
is  utterly  hopeless  with  such  dilute  gases.] 

(2)  Sulphuretted  hydrogen  from  gypsum. — Cary-Montrand  (/.  c.) 
decomposes  a  mixture  of  gypsum  and  coal  at  a  red-heat  by  HCl 
gas,  whereby  CaClj,  CO,  HjS,  and  S  are  formed. 

Kohsel  (Wagner's  Jahresb.  1856,  p.  57)  decomposes  gypsum, 
reduced  by  coal  (that  is,  CaS),  by  carbonic  acid,  burns  the  HgS 
given  off  to  SO^,  and  conveys  the  latter  into  lead  chambers. 

The  same  proposal  has  been  made  several  times  later,  in  con- 
nection with  special  proposals  for  utilizing  the  HjS,  of  which  only 
that  of  Chance  {supra,  pp.  88  &  368)  has  been  found  to  be  prac- 
ticable. At  the  present  prices  of  pyrites  even  the  Chance  process 
does  not  seem  to  be  economical  in  its  application  to  gypsum. 

Claus,  Baranoff,  and  Hildt  (G.  P.  104,188)  treat  a  mixture  of 
calcium  sulphate  and  coal  in  retorts.  The  gases  formed  by  the 
reaction  CaS04  +  C2=CaS  +  2C02  contain  up  to  90  per  cent.  COjj 
and  less  than  7*5  per  cent.  CO.  They  are  made  to  act  on  CaS  in 
the  presence  of  water,  so  that  CaCOs  and  HgS  are  formed.  The 
HsS  is  passed  into  retorts  containing  anhydrous  CaSO^  at  a  red- 
heat.     Here  the  reaction  is 

3CaS04H-4H8S  =  3CaS  +  4H30  +  4S02. 

This  is  always  the  initial  reaction;  but  if  an  excess  of  H2S  is 
employed,  this  acts  in  the  nascent  state  on  SO^  and  free  sulphur 
is  formed  by  Dumas^s  reaction  : 

S03  +  2H8S  =  2H80-f8S. 

(3)  Sulphuric  acid  direct  from  gypsum. —  Von  Seckendorff 
(Wagner's  Jahresb.  1855,  p.  54)  decomposes  gypsum  by  lead 
chloride  at  75°  into  CaCl2  and  PbS04.  A  mixture  of  the  latter 
salt  (5  molecules)  with  hydrochloric  acid  of  33°  Tw.  (4  molecules) 
at  75°  C.  almost  entirely  decomposes  into  PbClj  (which  is  used 
for  a  new  operation)  and  sulphuric  acid  (which  is  decanted  and 
concentrated,  the  distilling  HCl  being  condensed). 

Shanks  has  patented  SeckendorfE's  process  for  England  (Oct. 
9th,  1854). 

Margueritte  (patent  of  Dec.  22,  1854)  decomposes  lead  phos- 
phate by  hydrochloric  acid;  hereby  PbClj  and  phosphoric  acid  are 
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formed  ;  the  latter^  ignited  with  gypsum^  yields  calcium  phosphate 
and  sulphuric  anhydride.  The  calcium  phosphate  and  lead  chloride, 
lx)iled  together,  regenerate  lead  phosphate,  along  with  CaClj, 
which  is  worthless  ;  so  that  the  hydrochloric  acid  is  always  lost 

Bandiner  (Wagner's  Jahresb.  1858,  p.  102),  Fleck  (Fabr.voa 
chem.  Prod,  aus  thier.  Abfallen,  p.  131),  Reinsch  (Wagner's 
Jahresb.  1870,  p.  167),  and  other  authors  mention  the  utilixatioi 
of  the  sulphuric  acid  of  gypsum  by  treatment  with  a  solution  rf 
ammonium  carbonate,  whereby  ammonium  sulphate  is  formei 
This  process  has  been  used  in  France  for  some  time,  bat  it  an 
only  incompletely. 

Van  Denberg  (U.S.  P.  642,390)  electrolyses  calcium  sulphate  in 
a  furnace  in  a  molten  condition  in  the  presence  of  an  excess  of 
oxygen,  thereby  forming  SOs,  and  subsequently  hydrating  this. 

IV.  Calcining  Pyrites  with  Salt, 

Kenyon  and  Swindells  (English  patent,  May  21st,  1872)  calcine 
the  chlorides  of  sodium  or  potossium  with  iron-  or  copper-pyritcJ, 
and  treat  the  gas  with  nitric  or  chromic  (!)  acid  in  high  towen,ii 
order  to  convert  the  sulphurous  into  sulphuric  acid ;  at  the  same 
time  chlorine  is  given  off.  Wagner  (Jahresb.  1874,  p.  272)  points 
out  that  in  this  process  the  sulphuric  acid  must  remain  behind  i' 
the  shape  of  alkaline  sulphates. 

V.  By  Electricity. 

Reynoso,  in  1875,  obtained  a  patent  for  causing  electric  spark; 
to  pass  through  a  compressed  and  cooled  mixture  of  sulphuiou: 
acid  and  atmospheric  air.  The  formation  of  SOg  from  a  mixtnn 
of  2  vols.  SO3  and  1  vol.  0  by  the  electric  spark  was  first  obserref. 
in  1860  by  H.  Buff  and  A.  W.  Hofmann  (Ann.  Chem.  Phant. 
cxiii.  p.  129) ;  Deville  (Bull.  Soc.  Chem.  [2]  iii.  p.  366)  bs 
observed  that  in  the  presence  of  strong  sulphuric  acid,  whict 
absorbs  the  SO3,  the  whole  gaseous  mixture  can  be  united  to  foric 
SOg  in  this  way. 

Wacker  (Germ.  pat.  applic.  W  10,532,  1894,  and  10,591, 1895 
proposes  to  prepare  concentrated  sulphuric  acid  by  electrolysing 
water  or  dilute  sulphuric  acid  through  which  a  continuous  strean^ 
of  SOj  is  being  passed.  He  employs  an  earthenware  vessel, 
divided  into  two  cells  by  a  porous  earthenware  diaphragm.  Int^ 
the  anode  cell  a  slow  stream  of  SOj  is  introduced.  In  the  cathode 
cell  a  magms  of  sulphur  is  formed,  but  little  HgS  being  given  oi 
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If  hydrochloric  acid  is  added,  no  sulphur  is  separated^  the  chlorine 
formed  by  electrolysis  directly  oxidizing  the  SOj.  Other  oxygen 
carriers  may  also  be  employed,  such  as  sodium  chloride  or  sodium 
sulphate^  which  acts  by  forming  persulphuric  acid ;  or  else 
chlorates^  nitrates^  and  eo  forth.  [This  process^  in  its  present 
form,  is  a  very  peculiar  one.]  Compare  also  Van  Denberg's 
patent,  p.  1100. 

A.  C.  Johnson  (U.S.  P.  659,236)  sends  a  series  of  electric 
sparks  into  a  chamber  containing  vaporous  sulphuric-acid  gas  [?] 
and  introduces  oxyhydrogen  gas,  which  is  exploded  by  the  electric 
spark,  whereby  the  acid -laden  particles  of  moisture  may  be  pre- 
cipitated [?] . 

C.  B.  Jacobs  (U.S.  P.  704,831,  July  15,  1902)  forces  SO, 
through  a  porous  anode,  and  oxidizes  it  by  the  oxygen  of  water 
decomposed  at  the  anode.  The  SO2  is  oxidized  in  the  lower  region 
of  the  bath,  and  the  oxidation  product  is  retained  remote  from  the 
cathode.  A  sufficient  current-density  is  maintained  at  the  cathode 
to  prevent  the  access  of  SO2  to  it  and  to  cause  the  rapid  escape  of 
hydrogen.  The  inventor  claims  (Min.  Ind.  vol.  x.  p.  602)  to  attain 
an  electrolytical  efficiency  of  54  per  cent,  with  a  potential  difference 
of  2  volts  and  a  current  density  of  15  to  20  amperes  per  square  foot 
of  anode  surface. 

A  new  process  for  the  electrolytic  preparation  of  sulphuric  acid 
is  described  in  A.  Friedlander's  German  patent  No.  127,985. 
Dilute  sulphuric  acid  or  water  is  electrolysed  with  application  of 
diaphragms  in  such  a  manner  that  at  the  same  time  sulphur  dioxide 
is  passed  into  the  anode  cells,  separated  from  the  cathode  cells  in 
such  a  manner  that  the  gaseous  coutents  cannot  communicate, 
keeping  the  contents  under  the  requisite  pressure,  and  conducting 
away  the  heat  of  reaction  by  internal  or  external  cooling.  In  the 
cathode  cells  the  reaction  is  H2S04=H2  +  S04.  The  hydrogen  is 
conducted  away;  the  SO4  ions  migrate  through  the  diaphragm 
to  the  anode,  where  they  find  SOj  and  react  with  it  thus : 
S04+S02=2SOs.  The  liquids  remain  perfectly  clear,  and  there 
is  no  separation  of  sulphur,  as  in  previous  attempts  at  the  electro- 
lytic preparation  oE  sulphuric  acid  from  SOj. 

Boehringer  and  Sohne  (G.  P.  117,129)  attain  the  same  object 
by  adding  to  the  sulphuric  acid  in  the  anode  cell  manganous 
sulphate,  which  serves  as  an  oxygen  carrier  and  thus  converts  SO, 
into  sulphuric  acid,  ultimately  up  to  sp.  gr.  1*78. 
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CHAPTER  XIIL 

BY-PRODUCTS  OF  THE  MANUFACTURE  OF  SULPHURIC 

ACID. 

The  most  important  of  these  in  the  case  of  cupreous  pyrites  is  the 
copper  itself^  along  with  the  iron  oxide  (obtained  in  this  case  in  s 
sufficiently  pure  form),  sometimes  also  with  silver;  we  shall  treat 
this  subject  more  in  detail  later  on.  From  non-cupreous  pyrites, 
however,  iron  and  zinc  are  only  exceptionally  obtained.  We  do 
not,  of  course,  refer  to  metals  whose  production  is  the  principal 
object  of  the  whole  process. 

Besides,  thallium  and  selenium  may  be  mentioned  as  by-products 
of  sulphuric-acid  making. 

The  cinders  from  non-cupreous  pyrites  (as  to  their  compositior. 
comp.  p.  316)  are  frequently  used  as  ballast  for  making  roads: 
they  yield  very  firm,  dry,  and  even  roads,  which,  however,  are  sooe 
ground  into  dust  by  vehicular  traffic,  and  in  wet  weather  an 
then  very  muddy.  Besides,  the  rain-water  washes  out  iron  and 
zinc  sulphates,  and  may  carry  these  into  neighbouring  wells  (Sar- 
razin,  '  Archiv  der  Pharmacie,'  ccix.  p.  418). 

These  cinders  have  frequently  been  proposed  for  the  absorption 
of  sulphuretted  hydrogen  gas,  and  really  seem  to  have  been  here 
and  there  employed  for  purifying  coal-gas  and  for  disinfecting 
cesspools  (Zeitsch.  fiir  chem.  Grossgew.  i.  p.  70).  This,  howcTer, 
cannot  be  done  extensively,  as  the  cinders  do  not  act  anything 
like  so  energetically  upon  H2S  as  precipitated  ferric  hydroxide  or 
bog-iron  ore,  and  therefore  the  purifying-apparatus  would  have 
to  be  made  of  enormous  dimensions.  Probably  more  success  e 
obtained  in  the  manufacture  of  ferrous  sulphate  by  neutralizing 
the  sulphuric  acid  formed  in  the  oxidation  of  bituminous  lignite 
slates;  formerly  metallic  iron  used  to  be  employed  for  tbi^ 
purpose. 
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It  has  also  been  proposed  to  utilize  the  pyrites-cinders  or  the 
*^  purple  ore  '^  (see  below)  for  decomposing  solutions  of  alkaline 
sulphides^  but  in  this  case  the  action  is  too  imperfect.  But  after 
converting  the  ferric  oxide  into  a  ''ferrite  *'  by  ignition  with  soda, 
the  compound  thus  formed  has  an  energetic  action  upon  solutions 
of  alkaline  sulphides^  upon  which  are  founded  the  processes  of 
Arrott  and  of  EUershausen  (comp.  Vol.  II.). 

A.  &  P.  Buisine  (see  Vol.  II.)  employ  moistened  pyrites- 
cinders  for  absorbing  hydrogen  chloride  from  gases  containing  very 
little  HCl.  Or  else  they  convert  them  into  ferric  sulphate  (Compt. 
Rend.  1892,  cxv.  p.  51)  by  heating  with  sulphuric  acid  60°  B. 
not  above  300°  C.  The  resulting  grey  mass  is  hardly  soluble  in 
water^  but  becomes  soluble  by  hydration  at  somewhat  higher 
temperatures.  The  product  can  be  employed  direct  as  a  very  cheap 
ferric  salt,  or  converted  into  ferrous  sulphate  by  digestion  with 
iron.  [This  is  indeed  very  easy,  as  the  author  has  convinced 
himself;  ferrous  sulphate  is  manufactured  in  this  manner  both 
more  cheaply  and  more  conveniently  than  by  dissolving  scrap-iron 
in  sulphuric  acid.  The  mass  obtained  by  heating  the  cinders  with 
Glover-tower  acid  is  dissolved  in  hot  water,  the  solution  is  digested 
with  scrap-iron  until  the  reduction  to  FeS04  is  complete,  evaporated 
to  27°  or  28°  B.  (measured  at  90°  C),  and  allowed  to  crystallize,  a 
number  of  strips  of  iron  being  suspended  in  the  vat.] 

Ferric  chloride  can  be  made  by  absorbing  the  gases  from  salt- 
cake  furnaces  in  cylinders  charged  with  pyrites-cinders,  which 
takes  place  with  evolution  of  heat. 

Buisine  (Germ.  pat.  73,222)  also  describes  a  process  for  re- 
covering from  pyrites-cinders /errott*  sulphate  and  free  sulphur  by 
the  following  reactions  : — 

PejOs + 3H2SO4 = Pe2(S04)  3  -f-  3H,0, 
PejSs  +  2H8SO4  =  2FeS04  +  S  +  2H,S, 
FeS  +  H2SO4      =  PeSO^  +  H^S, 
HgS  +  Pe2(S04)3= 2FeS04  +  H2SO4  +  S, 
3H2S  +  H2SO4    =4S  +  4H20. 

The  ultimate  products  of  these  reactions,  apart  from  steam,  are 
only  ferrous  sulphate  and  free  sulphur,  which  are  easily  separated. 

Arnois  (Amer.  pat.  413,428)  seeks  to  convert  burnt  pyrites 
into  a  useful  paint  by  treating  it  at  a  dark  red-heat  in  an  ordinary 
atmosphere  with  a  mixture  of  calcium  carbonate  and  common  salt 
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in  various  proportions.  [No  doubt  the  treatment  applied  to  the 
residue  from  the  manufacture  of  Nordhausen  acid  {supra  p.  963; 
could  be  applied  to  pyrites-cinders  as  well ;  but  only  in  the  case  of 
very  pure  ores^  like  the  Aguas  Te&idas^  can  products  be  obtained 
of  sufficient  purity  for  the  above-named  purpose.] 

Mills  (G.  P.  86,589)  proposes  to  reduce  pyrites-cinders  to  im 
protoxide  for  use  as  a  black  paint  or  in  pharmacy.  The  ondeis 
are  sifted,  ground^  mixed  with  ''  amorphous ''  metallic  iron  (pro- 
bably "  spongy  iron  '*  is  meant,  comp.  below),  and  heated  to  a  red- 
heat  in  the  absence  of  air.  The  quantity  of  metallic  iron  required 
depends  upon  the  percentage  of  FcjOj  and  Fea04  present  in  tk 
cinders  ;  the  latter  requires  much  higher  temperatures  for  reduction. 
For  pharmaceutical  purposes  the  impure  protoxide  thusobtainedt 
dissolved  in  dilute  sulphuric  acid,  precipitated  by  caustic  soda 
solution  and  the  dried  precipitate  reduced  by  iron.  [There  an 
several  doubtful  points  in  this  proposal.] 

Manufacture  of  Iron  from  Pyrites-cinders. 

The  most  important  use  of  pyrites- cinders  is  for  the  manafac- 
ture  of  iron,  either  in  blast-furnaces  or  in  the  manufacture  ('• 
wrought  iron  from  pig-iron  in  puddling-f  umaces,  Siemens-Martii 
furnaces,  &c. 

Formerly  ordinary  pyrites-cinders  (from  non-cupreous  ore 
could  not  be  employed  by  making  iron,  because  they  contaiQec 
at  least  4  per  cent.,  and  usually  more  than  this,  of  sulphur.  Oo* 
of  the  first  attempts  at  utilizing  such  cinders  for  the  manufactun 
of  iron  was  made  at  the  Chauuy  works,  which,  in  1873,  exhibitesi 
iron  made  from  non-cupreous  pyrites-cinders,  desulphurized  i? 
repeated  roasting  in  a  Ferret's  kiln  in  thin  layers.  For  tiu^ 
purpose  the  plates  of  this  kiln  were  charged  alternatelv  vit: 
cinders  and  with  fresh  pyrites,  the  heat  produced  in  the  burnioe 
of  the  latter  causing  a  supplementary  roasting  of  the  cindei^ 
(Ilofmanu's  '  Bericht,'  1875,  i.  p.  164). 

Since  that  time  very  much  progress  has  been  made  in  treatise 
the  pyrites,  both  lumps  and  smalls,  in  such  manner  as  to  desoi- 
phurize  it  more  completely ;  but  this  can  only  be  done  if  the  ort 
is  pure,  i.  e.  contains  very  little  or  no  zinc  and  lead  sulphides 
Such  pure  ores  can  be  burned  in  lumps  down  to  2*5  or  even  2  ^■ 
cent.,  and  in  the  shape  of  dust  even  below  1  per  cent,  sulphur  i^ 
the  cinders,  and  in  this  case  they  can  be  smelted  like  ordinal 
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(somewhat  impare)  iron-ores.  In  England^  during  1902,  the 
maximum  percentage  of  sulphur  allowed  by  the  iron- works  buying 
pyrites-cinders  was  2  per  cent.^  in  Germany  1*5  per  cent. 

It  has  frequently  been  attempted  to  employ  the  cinders  of  small 
ore  in  larger  quantities  for  smelting  in  a  blast-furnace  without 
stopping  it  up,  by  conglomerating  them  in  different  ways^  but 
without  much  success.  A  patent  was  taken  out  by  J.  Cahen 
for  this  purpose  (10th  June,  1875) .  He  moulds  the  cinders  into 
suitable  cakes  with  tar,  peat^  and  limestone,  and  smelts  these  in  a 
blast-furnace ;  the  pig-iron  is  said  to  be  very  pure,  the  sulphur 
being  absorbed  by  the  lime,  and  the  peat  assisting  in  the  formation 
of  volatile  phosphuretted  hydrogen  (?).  J.  L.  Bell  also  moulds 
the  small  ore  with  lime  into  bricks,  which  harden  by  drying,  and 
uses  them  in  a  blast-furnace.  All  such  artificial  conglomerates 
are  soon  crushed  by  the  great  pressure  in  the  blast-furnace,  and 
thus  act  like  the  loose  powder. 

Henzel  (Germ.  pat.  appl.  H  No.  12,573)  mixes  pyrites-cinders 
with  from  5  to  40  per  cent,  ground  clay  and  a  little  water,  and 
charges  the  mixture  (which  may  be  previously  moulded  into  bricks) 
by  means  of  spades  into  a  blast-furnace.  The  powdered  ore  is 
kept  together  by  a  superficial  fusion  of  the  aluminium  silicate,  but 
remains  porous  and  permeable  for  the  reducing  gases.  [One 
cannot  understand  how  such  a  simple  application  of  extremely  old 
technical  principles  could  form  the  subject  of  a  patent.] 

The  Georgs-Marien-Hiittenverein  (Germ.  pat.  61,061)  heats 
bricks,  moulded  from  pyrites-cinders,  by  a  special  fire  to  the 
sintering  point. 

Wiist  (Germ.  pat.  82,120)  mixes  pyrites-cinders  with  7  per  cent, 
silicate  of  soda,  moulds  the  mixture  by  pressing,  and  exposes  it  at 
a  moderate  temperature  to  the  action  of  carbonic  acid,  by  which 
free  silica  and  sodium  carbonate  are  formed.  The  silica  acts  as 
a  cement;  the  sodium  carbonate  promotes  the  fusion  of  the 
slag,  and  prevents  the  sulphur  contained  in  the  cinders  from 
passing  into  the  pig-iron.  [If  the  application  of  silicate  of 
soda  is  not  too  expensive,  its  decomposition  would  be  more 
easily  and  quickly  obtained  by  the  waste  acid  liquors  formed  at 
most  works.] 

The  Duisburg  Copper-works  (Germ.  pat.  appl.  D  No.  6242)  mix 
pyrites-cinders  with  ground  furnace  scale  (magnetic  oxide  of  iron) 
or  similar  slags,  if  necessary  also  with  lime,  mould  the  mixture 
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into  brickB  and  dry  these.  According  to  whether  lime  has  been 
employed  or  not,  from  5  to  20  per  cent,  of  slags  is  required.  The 
product  is  sufiBciently  firm  for  use  in  blast-furnaces ;  owing  to  the 
admixture  of  slag,  it  is  also  porous  and  accessible  for  the  redncinj; 
gases. 

In  England,  bricks  of  purple-ore  are  made  without  any  cement- 
ing substance,  merely  by  strong  pressure,  for  use  in  Sieraeiu- 
Martin  furnaces  (Zsch.  f.  angew.  Chem.  1894,  p.  9). 

Bichters  (Diugl.  Journ.  cxcix.  p.  292)  investigated  the  appli- 
cation of  pyrites-cinders  in  a  coke  blast-furnace  by  the  analysis 
of  all  the  products.  With  a  charge  of  38  calcined  magnetic  iron- 
ore,  1^  black  band,  25*5  cinders  (containing  4*35  per  cent.  SO 
and  1*53  S  in  other  forms),  and  35  limestone,  under  especially 
favourable  circumstances,  pig-iron  with  only  0*022  per  cent,  of 
sulphur  was  obtained  ;  when,  however,  the  temperature  was  lower. 
even  with  only  12  pyrites-cinders  to  53'5  other  iron-ore  and  335 
limestone,  the  pig-iron  showed  0-049,  0*088,  0*096, 0*224  per  cent 
of  sulphur.  With  a  mixture  of  19*2  pyrites-cinders,  46"5  othr 
iron-ores,  30*1  limestone,  and  4*2  potsherds  the  sulphur  in  the 
pig-iron  varied  from  0*033  to  0*060  per  cent. ;  by  adding  another 
3' 77  potsherds  the  sulphur  was  increased  to  0*110-0*146  percent. 
The  pig-iron  poorer  in  sulphur  always  contained  a  great  deal  ot 
silicon,  up  to  3*485  per  cent. 

The  cinders  from  roasting  Schwelm  pyrites  are  said  to  furnisl 
an  excellent  material  for  Bessemer  pig,  as  they  contain  very  iittk 
phosphorus  and  copper,  which  are  so  injurious  to  the  quality  ol 
steel.  F.  Schmidt  (Berg-  u.  hiittenmann.  Zeit.  1878,  p.  68)  state? 
the  composition  of  these  cinders  as  follows  : — 

Ferric  oxide  90*547  I      ^-  ^wv.^  .- 

T^                 J  r.r-c^r^}  =65*0000  re 

Ferrous  oxide    0*520  J 

Iron  bisulphide 0*574 

Lead  sulphide  0142 

Copper  sulphide    0*0*26 

Manganous  oxide 0*463 

Alumina    1*448 

Lime 0*388 

Magnesia  0*220 

Carried  forward 94*328 
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Brought  forward 94-328 

Sulphur  trioxide   I'llO 

Phosphorus  pentoxide 0*035 

Silica 3-447 

Moisture   0-897 


99-817 


Paur  (Germ,  patent  No.  8730,  May  22,  1879)  proposes  to  treat 
the  crushed  pyrites-cinders  with  a  solution  of  alkaline  permanganate, 
by  which  sodium  sulphate  and  MnOs  are  formed.  The  first  is 
washed  out ;  and  the  residue  forms  a  manganiferous  iron-ore,  free 
from  sulphur  (but  in  all  probability  far  too  expensive). 

Recovery  of  Zinc  from  Pyrites-cinders. 

Pyrites  containing  zinc,  such  as  the  Westphalian  ore  from 
Meggen,  cannot  possibly  be  desulphurized  in  the  burners  so  well 
as  purer  ore,  owing  to  the  great  heat  required  for  decomposing  the 
zinc  sulphate.  The  cinders  from  such  ores  contain  both  too  much 
sulphur  and  too  much  zinc  to  be  useful  for  the  manufacture  of 
iron  without  a  special  treatment  for  removing  these  impurities. 

P.  W.  Hof mann  {'  Zeitschr.  d.  Vereins  deutscher  Ingenieure,' 
xviii.  p.  521)  proposed  the  following  process  for  utilizing  the 
cinders  from  Westphalian  pyrites,  which  sometimes  contain  6  per 
cent,  of  zinc : — ^The  cinders  contain  the  zinc  as  sulphate,  which  is 
only  decomposed  at  a  much  higher  temperature  than  is  attainable 
in  a  pyrites-burner.  The  zinc  sulphate  can  be  washed  out  by 
water  at  40°  ;  but  it  contains  too  much  iron  sulphate  to  be 
saleable.  If,  however,  a  solution  of  1*25  sp.  gr.  be  mixed  with  a 
proportion  of  NaCl  equivalent  to  the  sulphuric  acid  contained  in 
it,  and  heated  to  30°  C,  a  lye  of  1*38  sp.  gr.  is  obtained,  from 
which,  on  cooling,  such  a  quantity  of  Glauber^s  salt  crystallizes 
that  this  alone  pays  all  expenses.  The  mother- liquor  contains 
chloride  of  zinc  with  more  or  less  common  salt  and  the  sulphates 
of  iron,  zinc,  and  sodium.  If  evaporated  to  1*60  sp.  gr.,  all 
foreign  salts  are  separated,  and  a  solution  of  zinc  chloride,  with 
mere  traces  of  sulphates  and  of  iron,  remains  behind,  which  can 
be  employed  directly  for  pickling  railway-sleepers.  The  residue 
from  lixiviating  the  sulphates  is  allowed  to  lie  a  few  days  in  the 
air  to  dry ;  most  of  it  then  falls  to  powder.      When  this  is  passed 
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through  a  sieve,  the  fine  dust  is  found  to  be  almost  free  fTon 
sulphur,  the  rougher  particles  containing  nearly  all  the  sulphur  in 
the  shape  of  FeS.  The  dust  might  be  employed  in  a  blast- 
furnace. 

At  the  Aussig  works  formerly  the  crude  zinc  sulphate  obtained 
in  just  the  same  way  was  worked  up  by  the  addition  of  calcium 
chloride  (waste  lye  from  the  recovery  of  sulphur)  into  ''  pearl- 
hardening^'  and  zinc  chloride.  Owing  to  the  want  of  a  suffideo: 
market,  this  manufacture  has  been  discontinued. 

Creutz   (Chem.  Ind.  1883,  p.  258)   remarks  that  Hofmann'? 
process  has  not  been  much  used,  because  the  reactions  are  not  sc 
smooth  as  represented.     The  sodium  sulphate  remaining  in  tk 
zinc-chloride  liquor  is  prejudicial  to  its  employment  for  pickliii£ 
timber.     Nor  were  better  results  obtained  by  mixing  the  solution? 
of  sodium  chloride  and  zinc  sulphate  in  the  cold^  as  recommended 
by  the  American  patent  No.  236,05 1 .     The  formation  of  doubl. 
salts  of   zinc  and  sodium   is  the  cause  of  this  diflSculty.     It  b 
therefore  best  to  employ  calcium  chloride   (comp.  above)    in  tbt 
following  manner  : — The  pyrites-cinders  are  exposed  to  the  weather 
as  long  as  possible  to  oxidize  the  iron  and  manganese  compouDd^ 
and  the  sulphurous  acid.     They  are  then  lixiviated  with  cinder 
containing  3  per  cent,  zinc ;  a  solution  of  zinc  sulphate  is  obtaine. 
of  spec.  grav.   1*16,  containing  next  to  no  iron  and  only  traces  c: 
manganese  and  cobalt.     This  liquor  is  mixed  with  waste  calcium 
chloride  liquor  from  the  Weldon  process,  of  spec.  grav.    1*11 1. 
leaving  a  small  excess  of  zinc  sulphate.     Calcium  sulphate  is  pre- 
cipitated and  is  filtered  off.     The  clear  liquor,  of  spec.  grav.  1  -073 
is  boiled  down  in  an  iron  pan  with  top  heat,  and  a  little  bleachiag- 
powder  is  added  to  precipitate  manganese  and  cobalt  as  peroxid€» 
At  a  concentration  of  1*5,  the  last  traces  of  calcium  sulphate  ar: 
precipitated,  and  the  clear  liquor  now  contains  only  zinc  chlorid: 
with  a  little  zinc  sulphate,  no  more  than  is  contained  in  the  liqc 
obtained  by  dissolving  scrap-zinc  in  commercial  hydrochloric  aci 
This  process  has  the  drawback  of  requiring  fuel   for  boiling   do^ 
the  liquor,  but  it  furnishes  a  liquor  entirely  fit  for  pickling  wax 
The  expense  of  boiling  down  is  saved  when  the  crude  solution  i 
zinc  chloride  is  treated  for  the   preparation  of  zinc  hydrate  ;: 
purifying  soda-liquors  from  sulphides)  by  addition  of  lime^  Z2c 
filtering  through  a  sand  filter. 

EgestorflF's  Salzwerke  (G.  P.  23,712)  purify  pyrites-cinders  fro- 
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zinc  by  weatheriDg,  lixiviating,  adding  to  the  liquor  calcium  or 
barium  carbonate^  and  treating  it  with  a  current  of  air.  In  this 
case  the  iron  is  quickly  precipitated^  and  there  is  obtained  on 
the  one  hand  an  iron-ore  free  from  zinc^  on  the  other  hand  zinc 
salt  free  from  iron. 

The  Konigshutte  Berg-  und  Hiittenverwaltung  (G.  P.  28,465) 
roast  pyrites -cinders,  containing  zinc,  with  common  salt,  and 
lixiviate  with  weak  hydrochloric  acid.  The  liquor  in  case  of  need 
is  freed  from  copper  and  is  cooled  down  to  such  a  temperature 
that  sodium  sulphate  crystallizes  out.  The  zinc  remains  in  the 
mother-liquor,  and  is  recovered  in  the  usual  manner,  probably 
chiefly  in  the  shape  of  crystallized  zinc  sulphate. 

Kosmann  (Fischer's  Jahresb.  1886,  p.  268)  regards  all  the 
processes  hitherto  employed  for  the  above  purposes  as  of  doubtful 
economic  value. 

Herberts  (G.  P.  88,780)  treats  pyrites-cinders  containing  zinc 
in  an  iron  boiler  under  pressure  with  steam ;  the  sulphates 
of  zinc  and  iron  are  dissolved,  ferric  oxide  remains  behind. 
Another  patent  of  the  same  inventor  (G.  P.  41,833)  contains  some 
improvements. 

Riemann  (G.  P.  38,072;  Fischei-'s  Jahresb.  1887,  p.  510) 
contends  that  only  a  third  part  of  the  zinc  is  dissolved  in  this 
manner.  He  therefore  returns  to  the  roasting  with  salt,  but  adds 
ferric  sulphate,  obtained  by  treating  ground  pyrites-cinders  with 
hot  sulphuric  acid.  A  mixture  is  made  of  the  cinders  with  8  or  10 
per  cent,  of  crude  ferric  sulphate,  and  15  or  18  per  cent,  of 
common  salt,  and  is  roasted  for  several  hours  in  a  reverberatory 
or  mufiie  furnace,  with  access  of  air^  at  a  temperature  not 
exceeding  500°  C.  The  product  can  be  lixiviated  with  water 
alone,  without  adding  any  acid ;  the  washed  residue  contains  only 
1  or  1'5  per  cent,  zinc,  0*3  or  0*6  sulphur,  and  55  iron,  and  is 
therefore  a  useful  iron-ore.  The  liquor  contains  any  copper 
present  in  the  ore,  zinc  chloride,  and  sodium  sulphate.  These 
salts  cannot  be  separated,  as  asserted,  by  boiling  down  to  spec, 
grav.  1*53^  owing  to  the  formation  of  double  salts  of  zinc  and 
sodium,  but  by  concentrating  the  liquor,  when  at  spec.  grav.  1*32 
to  1'36,  in  the  cold  by  means  of  a  vacuum.  It  is  claimed  that 
this  process  really  permits  of  utilizing  the  cinders  from  German 
pyrites,  hitherto  so  troublesome. 

Electricity  has  also   been  invoked   for    precipitating    the  zinc 
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from  the  liquors  obtained  by  the  above-mentioned  processes,  but 
this  does  not  seem  to  be  economical. 

Perino  (G.  P.  46,748)  makes  an  intimate  mixture  of  the  ore 
with  ferric  nitrate,  and  exposes  this  to  gentle  heat ;  about  5Ci 
nitrous  fumes  are  evolved  and  zinc  sulphate  is  formed,  whilst  tbe 
iron  sulphide  is  less  easily  acted  upon.  The  process  is  finished  at 
about  150°  or  200°.  [This  cannot  pay,  even  when  Tecovering  as 
much  as  possible  of  the  nitric  acid  from  the  fumes.] 

Prom  the  zinc  solution,  obtained  by  roasting  the  cinders  vid 
salt  and  lixiviating,  a  valuable  paint  can  be  obtained  by  precipi- 
tating, with  a  solution  of  barium  chloride,  a  mixture  of  bariuis 
sulphate  and  zinc  sulphide.  This  mixture  is  called  lithopone  as-i 
is  largely  employed  as  a  non-poisonous  substitute  for  white-lead 
It  was  exhibited  at  Diisseldorf  in  1902,  by  the  Schalke  Chemic^i 
Company,  which  prepares  it  from  the  cinders  of  Westphaliiii 
pyrites. 

Kellner  (E.  P.  7028,  1901)  grinds  pyrites-cinders,  treats  them 
with  aqueous  sulphurous  acid  in  order  to  convert  the  zinc  iutt 
bisulphate,  oxidizes  this  by  air  to  sulphate,  converts  this  int- 
chloride  by  means  of  NaCl  or  KCl,  and  electrolyses  the  ZnCl^ 

Recovery  of  Thallium  and  Selenium. 

In  the  flue-dust  and  the  chamber-deposit  of  many  description' 
of  pyrites  the  rare  metals  selenium  and  thallium  have  been  found 
The  former  has  hitherto  no  industrial  application,  apart  from  tbe 
employment  of  crystalline  selenium  in  photometry,  as  its  electrica 
conductivity  changes  in  proportion  to  the  intensity  of  the  ligh: 
that  falls  upon  it. 

Tbfl.llium,  however,  is  manufactured  on  a  comparatively  lar^t 
scale  at  Aussig  and  Mannheim ;  and  it  might  possibly  be  fonr: 
useful  for  optical  glass,  replacing  the  alkali:  owing  to  its  verr 
high  atomic  weight  (204)  it  gives,  along  with  red-lead  and  quara 
the  specifically  heaviest  and  consequently  the  most  refractive  glas» 
hitherto  known  (Lamy) . 

The  preparation  of  thallium  from  the  flue-dust  of  Westphalia: 
pyrites  has  been  described  by  Schajflfner  (Wagner's  Jahresb.  1871 
p.  1).     The  flue-dust  was  collected  in  a  large  brick  chamber  with- 
out being  exposed  to  the  action  of  nitrous  vapours,  the  chambers 
being  fed  directly  with  nitric  acid.     It  is  coloured  by  ferric  oxidi 
contains  much  arsenious  acid,  ferric  sulphate^  some  zinc  oxide 
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lead  oxide,  traces  of  aatimony  and  ailver,  thallium  sulphate,  &c. 
Caratanjeii  (Wagn.  Jahresb.  1868,  p.  10)  fouod  in  it  3-5  per  cent, 
thallium.  On  the  sides  of  the  chamber  crystals  were  found  of 
the  compound  AsjOg  and  SOg,  discovered  by  Reich.  The  flue- 
dust  is  lixiviated  by  boiling  with  steam,  with  the  addition  of  a 
little  sulphuric  acid,  as  a  portion  of  the  thallium  seems  to  be 
present  as  basic  sulphate,  which  would  escape  solution.  After 
nettling,  the  clear  portion  is  siphoned  off  and  filtered  through 
calico ;  the  residue  is  boiled  again.  From  the  liquid  the  thallium 
is  precipitated  as  protochloride.  The  very  impure  reddish 
precipiute  is  washed  with  cold  water  and  converted  into  sulphate 
by  hot  concentrated  sulphuric  acid,  the  heating  being  continued 
till  all  excess  of  acid  is  driven  off.  The  sulphate  is  dissolved  in 
water,  filtered,  and  again  precipitated  by  hydrochloric  acid,  the 
TlCl  now  being  separated  almost  in  the  pure  state.  If  it  is  not 
yet  pure,  especially  if  it  contains  arsenic,  the  operation  must  be 
again  repeated.  In  order  to  remove  all  arsenic,  sulphuretted 
hydrogen  ta  conducted  into  the  solution  of  thallium  sulphate, 
which  precipitates  all  the  arsenic  with  small  quantities  of  thallium ; 
the  latter  is  precipitated  from  the  filtrate  by  hydrochloric  acid  as 
perfectly  pure  TlCl,  and  converted  into  sulphate  as  above.  The 
latter  is  reduced  to  metallic  thallium  by  digesting  its  solution  in  a 
porcelain  or  stoneware  dish  with  metallic  zinc.  The  spongy  metal 
obtained  is  washed  with  distilled  water,  pressed  between  blotting- 
paper,  and  melted  in  an  iron  or  porcelain  crucible,  hydrogen  or 
coal-gas  being  conducted  through  to  prevent  any  oxidation  ;  the 
heat  should  not  be  too  strong,  because  it  might  volatilize  the 
thallium.  The  melted  metal,  similar  to  mercury,  is  cast  into 
small  rods  in  paper  moulds.  It  should  be  kept  in  boiled  water  free 
from  air,  the  vessel  being  closed  whilst  the  water  is  boiling  ;  but 
even  then  the  latter  after  a  short  time  shows  an  alkaline  reaction. 
It  is  best  kept  in  a  solution  of  zinc  sulphate.  It  can  also  be 
obtained  well  crystallized  by  Woehler'a  process,  viz.  by  suspending 
in  the  thallium  solution  a  beaker  with  its  bottom  cut  off,  and  its 
lower  part  closed  with  a  bladder  tied  round :  this  is  filled  with 
svater  up  to  the  level  of  the  solution  outside;  a  zinc  plate  is 
suspended  in  the  water,  and  the  latter  connected  with  a  platinum 
wire,  which  dips  into  the  thallium  solution  and  is  bent  into  a 
spiral  below  the  bladder. 

Krausi^  (Dingl.  Joum.  ccxvii.  p.  333)  observes  that  the  treatment 
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of  thallium  protochloride  with  concentrated  sulphuric  acid  is  very 
unpleasant  work  in  large  quantities.  He  has  found  that  the 
decomposition  can  be  quickly  and  completely  effected  by  a  weak 
solution  of  Glauber's  salt,  say  4°  to  7°  Tw.  He  lixiviates  the  fine 
dust  in  a  cask  with  water  and  steam^  siphons  off  the  settled  liquid 
into  a  second  cask^  and  adds  to  this  solution  of  thallium  sulphate 
hydrochloric  acid;  the  TlCl  subsides  very  quickly,  if  the  liquid  is 
well  agitated^  for  instance  by  a  current  of  air.  After  a  short  rest  the 
clear  liquid  is  run  off,  the  cask  is  filled  up  with  pure  water,  heatal 
by  steam,  and  crystallized  sodium  sulphate  added  till  the  solatio& 
shows  7°  Tw.  After  strong  agitation  the  decomposition  is  com- 
plete, and  the  liquid  is  siphoned  off  into  a  third  cask,  which  :> 
placed  somewhat  lower  ;  here  it  is  acidulated  with  sulphuric  adi 
and  the  thallium  precipitated  by  zinc.  Similarly  to  Schaffuer^he 
washes  the  sponge  with  water  free  from  air,  presses  and  melts  it. 
This  process  permits  working  continuously  and  without  coutact 
with  fire. 

Nietzki  has  made  very  detailed  communications  on  thalliuQ 
(Wagner's  Jahresb.  1876,  p.  4).  He  found  intheflue-dustof  the 
Duisburg  chemical  works,  where  Westphalian  pyrites  is  used,  01 
to  0*2,  sometimes  even  1  per  cent,  thallium.  The  precipitation » 
TlCl  is  incomplete :  it  is  true  that  TlCl,  which  is  soluble  in  500  park 
of  water,  is  much  less  so  in  the  large  excess  of  hydrochloric  aci' 
actually  employed  ;  but  there  remains  even  then  10  per  cent,  ol 
the  thallium  present  in  the  mother- liquor.  Much  more  complect 
is  the  precipitation  of  thallium  by  potassium  iodide  as  Til,  ever 
from  very  dilute  solutions  of  flue-dust.  Therefore  both  the 
mother-liquors  from  the  TlCl  precipitate  and  the  dilute  extractloo' 
of  flue-dust  are  afterwards  treated  with  KL  By  boiling  the  TJ 
with  sodium  sulphide  the  iodine  is  recovered  as  Nal ;  and  tk 
insoluble  TljS  is  worked  up  for  TI2SO4  along  with  the  TlCl.  Ym 
the  sulphate  the  thallium  is  obtained  by  electrolysis,  to  avoid  i^ 
contamination  with  zinc.  In  this  case  crude  thallium  sulphate  ca: 
be  employed  ;  whilst  direct  reduction  with  zinc  is  troublesoffiL 
owing  to  the  evolution  of  arseniuretted  hydrogen  and  the  reductioi: 
of  ferric  salts,  the  ferrous  sulphate  soon  forming  a  crust  over  ik 
zinc  and  making  it  inactive.  Nietzki  even  employs  KI  i^ 
volumetrically  estimating  thallium ;  but  the  solutions  must  not  be 
too  dilute. 

Stolba's  process  (Wagner^s  Jahresb.    1874,   p.  1),   allowing  ^ 
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thallium-alum  or  thallium-iron-alum  to  crystallize  from  concen- 
trated solutions  of  flue-dust,  is  only  adapted  for  a  substance 
extraordinarily  rich  in  thallium. 

Woehler  (Ann.  Chem.  Pharm.  clxiv.  p.  74)  states  that  thallium 
is  more  simply  produced  by  fluxing  the  chloride  with  sodium 
carbonate  and  carbon.  20  parts  TlCl,  8  parts  of  dry  NaCOs,  and 
1  part  of  lampblack  are  mixed  together  and  fluxed  in  a  fire-clay 
crucible  at  a  moderate  red-heat.  A  small  loss  occurs  by  some 
chloride  volatilizing ;  this  can  be  avoided  by  stirring  up  the 
mixture  with  water,  drying,  and  then  fluxing. 

Selenium  was  discovered  (in  1817)  by  Berzelius  in  the  chamber- 
deposit  of  the  sulphuric-acid  works  at  Gripsholm,  at  which  Fahlun 
sulphur  (obtained  in  roasting  ores)  was  used.  It  also  occurs  in 
volcanic  sulphur,  e.  g,  0*264  per  cent,  in  the  solfataras  of  Naples, 
according  to  Fhipson  (Chem.  News,  v.  p.  337) — principally,  how- 
ever, in  many  descriptions  of  pyrites ;  so  that  the  chamber-deposit 
of  the  Mansfeld  and  Oker  works  is  the  best  source  of  it.  Selenium 
occurs  in  several  allotropic  modifications,  in  regard  to  which  we 
must  refer  our  readers  to  the  chemical  treatises.  Its  spec.  grav.  is 
given  as  4*26  to  4*8,  melting-point  400°,  boiling-point  about  700°. 
Selenium  always  occurs  in  very  small  quantities;  but  its  character- 
istic reactions  cause  it  to  be  easily  discovered,  and  it  becomes  very 
much  concentrated  in  the  deposit  of  flue-dust.  Some  Harz  works' 
deposit  is  said  to  contain  10  per  cent.,  that  of  the  Eisleben  works 
9  per  cent,  of  selenium ;  annually  several  cwt.  are  obtained  in  this 
way  (Bottger  and  Kemper,  Wagner's  Jahresb.  1860,  p.  169).  On 
selenium  in  French  sulphuric  acids  communications  have  been 
made  by  Kuhlmann,  Personne,  and  Scheurer-Kestner  (ib.  1872, 
p.  246)  ;  comp.  also  Lunge  (Chem.  Ind.  1883,  p.  128)  and  Davis 
(J.  Soc.  Chem.  Ind.  1883,  p.  158). 

The  deposit  contains  free  selenium,  as  the  selenious  acid  formed 
by  burning  is  reduced  by  sulphurous  acid.  Otto  (Lehrbuch  d. 
Chem.  4th  ed.  i.  p.  633)  digests  ihe  deposit,  previously  washed 
with  water,  with  aqua  regia  to  oxidize  the  selenium,  adds  sulphuric 
acid,  evaporates  to  dryness,  driving  off  the  other  acids,  treats  the 
residue  with  water,  and  from  the  solution,  by  cautious  addition  of 
ammonium  sulphite,  first  precipitates  white  mercurial  chloro- 
seleniate,  then  from  the  filtrate,  by  more  ammonium  sulphite  and 
sulphuric  acid,  the  selenium  itself.  From  the  mercurial  percipitate 
the  selenium  can  be  obtained  by  oxidizing  with  nitric  acid,  eva- 
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porating^  neutralizing  with  sodium  carbonate^  fluxing  with  potas- 
sium nitrate,  boiling  with  hydrochloric  acid  in  order  to  reduce  SeOj 
to  SeOs,  ^^d  precipitating  the  selenium  from  the  solution  by  SO^- 

Liebe  (Wagner's  Jahresb.  1860,  p.  178)  extracts  the  oxidized 
mass^  after  evaporation  with  sulphuric  acid^  with  water^  neutralizes 
with  soda-ash^  evaporates  to  dryness,  mixes  the  residue  with  an 
equal  weight  of  sal-ammoniac,  calcines  the  mass  in  a  porcelain  disb 
(when  the  sal-ammoniac  reduces  the  SeOs),  ^^^  washes  with  water, 
pure  selenium  remaining  behind. 

Bottger  (Dingl.  Journ.  clxxvi.  p.  405)  extracts  the  selenium  from 
the  chamber-deposit  washed  with  water  by  means  of  a  concentrated 
solution  of  neutral  sodium  sulphite,  and  filters  it  into  dilate  hydro- 
chloric acid,  which  at  once  precipitates  the  selenium. 

Nilson  (Ber.  d.  deutsch.  chem.  Ges.  vii.  p.  1719)  describes  the 
working- up  of  the  Fahlun  chamber-deposit  for  selenium.  This 
cannot  well  be  done  by  Otto's  process ;  it  is  better  to  emploj 
potassium  cyanide,  2  parts  of  which  yield  1  part  of  selenium. 
The  washed  deposit  needs  only  to  be  digested  with  a  concentrattil 
solution  of  potassium  cyanide  at  80^  to  100^  C.  till  its  red  colour 
has  just  been  turned  into  pure  grey ;  the  residue  is  washed  witi: 
boiling  water,  filtered,  and  hydrochloric  acid  added  to  the  solution; 
selenium  at  once  precipitates  in  cherry-red  flakes,  as  the  liberated 
selenocyanic  acid  is  almost  instantaneously  decomposed  imn 
selenium  and  hydrocyanic  acid ;  the  sulphur  dissolved  at  the  same 
time  remains  in  solution  as  sulphocyanic  acid.  The  seleuiiKii 
thus  obtained  contains  only  a  little  copper,  iron,  and  perliapi 
traces  of  mercury ;  it  is  obtained  quite  pure  by  dissolving  in  nitric 
acid,  evaporating  to  dryness  in  a  water-bath,  subliming  the 
anhydride  in  a  current  of  dry  air,  and  treating  its  solution  vitl 
sulphurous  and  hydrochloric  acids. 

Kienlen  (Bull.  Soc.  Chem.  [2]  xxiv.  p.  440)  showed  that  tk 
selenium,  being  reduced  by  SOs  in  the  Glover  tower,  is  dLssolred 
in  the  sulphuric  acid,  to  which  it  sometimes  imparts  a  blood-rec 
colour.  When  diluting  it  with  three  times  its  bulk  of  water^  the 
selenium  is  precipitated.  Olover  acid  contains  up  to  17'3  millig 
chamber-acid  22'3  millig.  per  kilog.  If  such  sulphuric  add  i^ 
employed  for  the  manufacture  of  hydrochloric  acid^  the  selemaa 
is  volatilized  together  with  HCl  and  is  deposited  in  the  tir»i 
receivers  as  a  reddish  mud  containing  41  to  45  per  cent.  Se,  wbiUt 
the  hydrochloric  acid  holds  up  to  21*4  millig.  Se  per  kilog.    Tk 
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selenium  is  extracted  from  the  mud  by  chlorine,  which  forms 
selenioua  and  selenic  aciH .  When  the  red  colour  haa  been  destroyed, 
the  mass  is  filtered,  the  filtrate  is  boiled  with  hydrochloric  acid, 
and  the  selenium  precipitated  by  sodium  sulphite. 

Bomtniger  (Dingl.  Joum.  ccslvii.  p.  505)  found  in  the  red  mud 
from  Glover-tower  acid  (made  from  Rio-Tinto  pyrites),  after 
washing  and  drying,  12-60  per  cent.  Se  (with  7630  PbSO*  &c.). 
He  obtains  the  selenium  from  it  by  heating  it  in  fireclay  retorts 
at  a  red-heat,  with  exclusion  of  air,  as  a  black  metallic  sublimate, 
which  is  freed  from  AsjOg  and  SeOj  by  washing  with  strong 
caustic  soda. 

Divers  aud  Shimos^  (Chem.  News,  No.  1256)  found  in  sulphuric 
acid  made  from  Japanese  brimstone  0*37  grm.  tellurium  and  0'15 
grm.  selenium  per  litre,  and  in  the  sediment  from  the  same  acid 
10'5  per  cent,  selenium  aud  1'2  per  cent,  tellurium.  Shimoae 
(ibid.  No.  1260)  further  describes  the  process  employed  by  him  for 
separating  selenium  and  tellurium,  viz.,  neutralizing  the  sediment 
with  sodium  carbonate,  removing  the  selenium  by  digesting  with 
concentrated  solution  of  potassium  cyanide  at  a  gentle  beat  (at 
first  cold),  diluting  the  mixture  with  water,  and  heating  nearly  to 
boiling.  The  solution,  containing  the  selenium,  is  treated  with 
hydrochloric  acid  in  order  to  separate  the  ^e  ;  on  the  other  hand, 
the  sediment  from  which  the  cyanide  solution  haa  been  decanted 
yields  tellurium  by  a  treatment  with  sulphuric  acid  and  a  little 
nitric  acid,  and  passing  H,S  through  the  solution  obtained. 

The  Mansfeld  Kupferschiefer  Mining  Company  (Wagner's 
Jahresb.  1876,  p.  297)  in  1875  produced 

Selenium     2-38  kil.,  value  jK18. 

Flue-dust  containing  selenium      4^    „         „     £6  2». 

The  Extraction  of  Copper  from  Pyritea-cindera. 
This  manufacture  cannot  properly  be  regarded  as  a  by-work  done 
in  sulphuric-acid  making ;  with  as  mucb,  if  not  with  greater,  right 
the  latter  might  be  considered  a  secondary  branch  of  the  extraction 
of  copper^  since  in  the  cupreous  ores  the  value  of  the  copper  mostly 
exceeds  that  of  the  aulpbur  contained  in  them ;  but  if  the  value  of 
the  &nal  products  be  counted,  that  of  the  sulphuric  acid  certainly 
mostly  far  outweighs  that  of  the  copper.  Even  in  the  large  English 
works  nowadays  the  extraction  of  copper  from  the  cinders  is  rarely 
done  in  the  chemical  factory  itself ;  the  former  is  conceutrated  in 


1116  BY-PRODUCTS  OF  MANUFACTURE. 

a  few  works  erected  in  the  centres  of  the  chemical  trade^  which 
receive  the  burnt  ore  from  a  whole  group  of  chemical  works.  One  of 
the  largest  pyrites-mining  companies^  the  Tharsis  Sulphur-  and 
Copper-extracting  Company^  supplies  its  ores  to  the  consumers  onlj 
on  condition  of  returning  the  burnt  ore  to  the  copper-works  be- 
longing to  the  same  Company.  A  sim  ilar  establishment  was  founded 
at  Duisburg  by  a  number  of  Rhenish  manufacturers,  likewise 
based  on  the  extraction  of  Spanish  pyrites-cinders.  Although  the 
production  oE  copper  thus  does  not  belong  to  the  usual  cycle  of 
vitriol-  and  alkali- works,  yet  it  is  most  intimately  connected  with 
it^  especially  in  Great  Britain ;  and  a  short  description  of  that 
production  does  not  seem  out  of  place  here. 

The  percentage  of  copper  in  the  ores  in  question  (comp.  p.  54 
is  mostly  so  small,  rarely  above  4  per  cent.,  that  its  extractioL 
by  smelting  would  not  pay.  This  can  only  be  made  possible 
at  the  outset  by  carrying  on  the  first  necessary  operation  (the 
calcining  or  burning)  in  such  a  way  that  the  calcining-gas  does 
not  go  away  into  the  air,  but  is  taken  into  lead  chambers  and 
sulphuric  acid  made  of  it,  which  helps  to  pay  for  the  ore.  Bat 
something  else  is  necessary  in  practice.  The  cinders  from  burning 
the  ore  are  still  too  poor  in  copper  to  be  smelted  in  the  usual  way. 
They  might  possibly  be  smelted  to  coarse  metal,  with  a  mixture  of 
a  little  green  pyrites^  siliceous  sand,  and  slags;  and  this  coarse 
metal  might  be  sent  to  copper- works  for  further  treatment ;  ba: 
in  that  case  only  a  portion  of  the  copper  would  be  obtained,  and 
the  expense  would  be  barely  covered.  When  the  quantity  of  poor 
ore  coming  into  the  market  became  larger,  this  way  of  utilizing  i: 
was  out  of  the  question.  Other  drawbacks  in  smelting  for  coarse 
metal,  as  they  were  observed  at  Oker,  will  be  mentioned  below. 

Accordingly,  since  1865,  the  copper  of  poor  ores  is  always  ex- 
tracted in  the  wet  way.  From  time  immemorial  the  pit-waters 
arising  from  weathered  ore  have  been  precipitated  by  metallic  iron, 
and  cement-copper  obtained  in  this  way ;  but  the  processes  for  con- 
verting the  copper  purposely  into  such  compounds  that  it  becomes 
capable  of  being  dissolved  and  precipitated,  all  date  from  a  recent 
period.  Exact  descriptions  of  the  former  processes  are  found  in 
Percy's  *  Metallurgy,'  more  recent  processes  in  StolzePs  'Metal- 
lurgie,'  i.  p.  714,  and  in  Hofmann's  *  Bericht '  of  1873,  p.  885  (this 
article  is  from  the  pen  of  Professor  Kerl).  Most  of  the  volumes  uf 
Wagner's  ^  Jahresberichte '  contain  the  literature  of  this  branch. 
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It  is  beyond  the  scope  of  this  book  to  enter  Bpecialty  upon  all  the 
proposed  or  really  carried-out  processes  for  copper-extraction  in  the 
wet  way ;  we  must  refer  the  reader  to  the  authorities  just  mentioned, 
and  we  shall  only  describe  that  process  which  for  a  number  of  years 
has  been  exclusively  employed  for  working  np  the  cinders  from 
vitriol- works,  vii.  the  roatting  with  salt,  followed  by  the  pre- 
cipitation by  means  of  iron.  It  appears  that  the  interesting  process 
of  lixiviating  by  means  of  ferrous  chloride,  originally  proposed  by 
Schaffner,  but  best  known  in  the  shape  given  to  it  by  Slerry  Hunt 
and  Douglas,  is  not  in  use  at  vitriol-works  or  at  the  copper-works 
in  immediate  connection  with  these  ^  we  must  therefore,  in  respect 
of  this  also,  refer  to  the  originals. 

The  first  attempts  in  this  way  seem  to  be  referable  to  Hunt 
(patent  of  Jan.  21,  1840),  and  especially  to  Longmaid  (patents  of 
Oct.  20, 1842,  and  Jan.  1, 1844).  The  latter  exactly  described  the 
principles  of  the  process,  as  it  is  carried  out  to  the  present  day, 
certainly  with  a  view  to  making  salt-cake  and  chlorine  as  the  chief 
products;  and  he  also  worked  it  out  on  a  large  scale ;  so  that  he 
must  be  regarded  as  the  founder  of  the  wet  extraction  of  copper. 
Certain  small  improvements  were  patented  at  different  times — for 
instance,  by  Gossage  on  July  17th,  1850.  We  find  much  latter, 
in  1856,  the  process  started  with  a  good  deal  of  noise  as  a  novel  one, 
by  Bechi,  of  Florence,  and  Haupt,  of  Freiberg,  for  working  the  ores 
at  Capanne  Vecchie  (Wagner's  Jahresb,  1858,  p.  68).  It  is  strange 
that,  16  years  after  Longmaid,  such  a  distinguished  metallurgist  as 
Gruner  should  ascribe  the  success  of  Bechi's  process  less  to  the 
influence  of  the  common  salt  than  to  the  fine  grinding.  Bechi  and 
Haupf  B  process  was  patented  in  England  in  the  name  of  Hahner 
on  March  7th,  1856  ;  it  differs  from  Longmaid's  process  merely  by 
much  greater  complication,  such  as  calcining  three  times  instead 
of  once,  and  has  long  since  been  given  up.  Schaffner  (Wagner's 
Jahresb.  1862,  p.  119-,  1871,  p.  139)  improved  the  process  in 
several  respects  ;  but  it  was  carried  out  on  a  large  scale  chiefly  in 
England,  by  Phillips,  Henderson,  Tennant,  and  others. 

Spongy  iron  was  first  employed  by  Gossage ;  it  was  again  patented 
by  Aas  in  1861,  and  by  G.  Bischof  in  1862. 

The  process  now  generally  employed  in  England  has  been  prin- 
cipally described  by  Clapham  (Chem.  News,  xxiii.  p.  26),  Wedding 
and  Ulrich  (Wagner's  Jahresb.  1872,  p.  152),  Gibb  (Chem.  News, 
xsxi.  p.  I65,and  several  publications  of  the  Tyne  Chemical  Society), 
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by  myself  (Diugl.  Joum.  cciv.  p,  288,  ccxiv.  p.  466,  cci».  pp.  51 
&  329,  ccxix.  p.  323) ;  the  process  at  Oker  by  Brauning  [Vmsf. 
ZeitBchr.  f.  Bei^-,  HtitteD-  u.  SalineoweseD,  1877,  p.  156).  Serenl 
more  recent  descriptions,  e.  g.  that  by  Egleston  (Fischer's  Jahrdi, 
1886,  p.  170),  contain  nothing  of  any  importance.  A  papert; 
Bode  (Dingl.  Journ.  ccxxxi.  pp.  254,  357,  and  428)  gives  i 
complete  survey  of  all  the  previous  ones.  The  notes  of  E.  .i 
Mebus,  published  by  Jurisch,  are  also  of  interest,  especially  coO' 
ceming  the  recovery  of  silver  (Cheai.  Ind.  1894,  p.  378).  Tt; 
process  and  plant  used  at  Natrona,  near  Pittsbui^,  are  describit 
by  Clemmer,  '  Mineral  Industry,'  vii.  p.  197,  and  ix.  p.  283.  I: 
the  following  description  the  above  sources  are  used,  along  <i[^ 
notes  taken  by  me  at  several  copper-works. 

The  three  most  important  ores  employed  in  the  English  factorii^ 
contain  from  47  to  49  per  cent,  of  sulphur,  and  the  follo^it: 
quantities  of  copper  and  silver : — 

Copper.  Silver. 

per  cent.        ounces,  troy,  per  Iod. 

Eio-Tinto  3-80  120 

Tharsis   3-50  0-75 

San-Domingo     370  0-75 

(N.B. — An  ounce  troy  is  =480  grains ;  there  are  32,666  ouDce> 
troy  to  the  ton.) 

The  "  ordinary  copper-ores  "  at  Oker  generally  consist  of  60  pa 
cent,  iron-pyrites,  23  per  cent,  copper-pyrites,  6  blende,  2  galeai- 
9  gangue  (complete  analyses,  p.  84). 

The  percentage  of  sulphur  in  the  cinders  as  they  are  supplied  ti 
the  acid-works  varies  extremely ;  hardly  ever  falling  below  'i  p^ 
cent,,  it  sometimes  rises  above  10  per  cent.  The  latter,  howeret. 
results  from  very  bad  work  indeed  ;  but  4  to  5  per  cent,  is  ton- 
sidered  very  fair  work ;  and  as  much  is  indeed  required  for  the  wel 
copper-extraction.  The  sulphur  may  even  amount  to  \\  tiniR 
as  much  as  the  copper,  but  no  more.  At  Oker  the  cinders  an 
delivered  to  the  extracting-works  with  5  to  8  per  cent,  sntpbur 
and  6  to  it  per  cent,  copper.  If  the  pyrites  arrives  too  "^ 
burnt  from  the  acid-works,  the  copper-works  add  a  little  greeE 
pyrites  in  order  to  have  sufficienl  sulphur  for  the  first  stage  ot 
their  process. 

The  following  analyses  by  Gibb  show  the  composition  oftbe 
pyrites-cinders  as  the  uopper- works  receive  them : — 


COM  POSITION  C 


'  CTTPRBOrS  CIKDEKS. 


Bio-Tinto. 

Tharris. 

S>n- 
Domingo. 

Tttertm 

(Norway). 

i\  Iron 

1-66 

3M 

1-60 
3-23 
315 
2-66 

■66 
■70 
■0023 
03-2 

■010 

■25 
7700 
5-26 

■17 
0-85 

155 
3^76 
3-62 
270 

■47 
■84 
■0023 
■033 
■(113 
-28 
781o 
6-80 
■25 
1-85 

1-01 
3-33 
3-10 

'39 
6-46 

■06 

Oqpriooiide 

'     216 

Lcadoiide 

8il«r 

'        -47 

0037 

"  2-30" 

68-06 
6-56 
-05 
8-74 

Oslmumoiide   

■20 

Sulphario  Mid  

610 

,  9946 

100-26 

99-31 

10006 

■  Cftloulftted  as  0>^8  and  Fe^S,. 

Phillips  states  the  following  as  the  composition  of  cinders  from 
San-Domingo  ore : — 

Sulphur 3-66 

Arsenic 0*25 

Iron   58-25(  =  83-0FesOs) 

Copper  4*14 

Zinc   0-37 

Cobalt    trace 

Lead  1-24 

Lime 0-25 

Insoluble  1-06 

Moisture    3'85 

Oxygen  and  loss   26-93 

Wedding  and  Ulrich  Found  in  samples  tix)m  Widnes  (a)  and 
Hebhnrn  (A)  :— 

Sulphur.  Copper. 

a.  6.  a,  b. 

Altogether  4*12         3-75  4*08         6-75 


Of  this  soluble  in  water. . 

»     HCl  ... 

In  the  residue 


43  p.  c.     37  p.  0.      4€  p.  c.     26-1  p.  c. 
55  59  22-2  13-3 

2  4  31-8         60-6 
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According  to  Hjelt  the  cinders  from  Spanish  pyrites  contait 
0*]9  per  cent,  arsenic. 

The  Oker  cindera  showed,  on  an  average  oC  a  month's  work  :- 

Copper  (principally  as  CuO)   7  83  p.  e. 

Iron  (principally  as  FftjOj) , .     40*53 

Lead  (as  PbO) 2*09 

Silver 0-008 

Zinc(aflZnO)   1-95 

Manganese  (as  MhjO^)    0"40 

Sulphur 3'80 

Sulphuric  acid  (corresp.  to  3-8  S)  9-51 

Alumina    4-43 

Other  gangue 11*65 

The  sulphur  must  be  mostly  in  combination  with  iron,  sins 
unburnt  crude  ore  could  be  seen  as  cores  on  breaking  up  the  lumj^ 
The  sulphuric  acid  is  partly  combined  with  lime,  partly  *ii' 
metals,  probably,  as  may  be  inferred  from  the  well-known  pro- 
cesses of  roasting,  in  the  first  line  with  CuO  and  ZnO,  in  it- 
second  line  with  FeO  or  FcjOi.  From  this  the  following  won-- 
appear  to  be  the  most  probable  composition  of  the  cindera : — 

CuO 9-80p.  c 

Fe,Oi  58-14        (=87-2  Fe) 

PeS, 7-13        (=  3-8S) 

PbO 225 

Ag  0-008 

ZnO 2-43 

MnA 0-57 

SO, 9-51 

AljOs   4-43 

Other  gangue ,,.     11-65 

100918 
These  cinders  were  formerly  utilized  in  small  blast-furnaces  7  h. 
high,  the  first  smelting  yielding  a  rich  coarse  metal  (55  per  cent. 
and  a  little  blister-copper.     Higher  furnaces  could  not  be  used,o' 
account  of  the  large  percentage  of  FejOj,  which  would  have  ber:^  ( 
partly  reduced.     The  drawbacks  of  this  smelting  were  the  shor 
duration  of  the  furnace-lining  (47  to  72  hours),  and  great  Iw  ' 
of  metal  by  the  slag  and  the  flue-dust.     Therefore,   instead  ''■ 
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smelting  them,  the  cinders  have  latterly  been  worked  up  by 
the  wet  process. 

The  cinders  are  first  finely  ground,  either  by  cruBhing-rollers  or 
by  edge-runners,  and  at  the  same  time  mixed  with  a  sufBcient 
quantity  of  todium  chloride,  usually  in  its  cheapest  form,  viz.  rock- 
salt.  This  addition,  where  the  furnaces  are  worked  by  hand, 
varies  from  10  to  20  per  cent.,  on  an  average  it  is  13  per  cent.  But 
with  the  mechanical  furnace  (p.  1129)  only  7^  salt  per  cent,  of 
burnt  ore  is  required.  The  ground  mixture  is  passed  through  a 
cylindrical  sieve  with  8  holes  to  the  inch ;  the  coarse  particles 
are  sent  back  to  the  mill,  where  they  are  ground  down  completely, 
so  tbat  the  mixture  always  remains  the  same.  The  whole  being 
finely  ground,  it  is  filled  into  old  bogies  and  run  on  tramways 
■over  the  calcining  surfaces. 

At  Oker  the  cinders  are  mixed  with  15  per  cent,  (formerly  20 
per  cent.)  of  Staasfurt  potash  salts  (camallite),  and  are  ground 
down  to  the  size  of  2  millims.  The  Stassfurt  salts  contain  the 
chlorides  of  magnesium,  potassium,  sodium,  and  calcium,  all  of 
which  assist  in  the  calcining-process. 

Clemmer  points  out  that,  if  the  whole  amount  of  cinder  is 
ground  to  one  size,  this  may  cause  difficulties.  If  too  fine,  a 
slimy  mass  will  be  formed  in  the  tanks,  which  hinders  the 
1  caching-process  j  if  too  coarse,  the  chloridizing-process  and  the 
time  of  leaching  are  too  much  prolonged.  It  is  best  to  grind 
one-third  to  pass  through  a  sieve  ^-inch  mesh,  and  the  remaining 
two-thirds  quite  fine,  delivering  the  entire  product  to  the  furnace 
mixed  with  the  salt  in  the  mill  itself.  About  one  shovelful  of 
salt  is  allowed  to  six  of  cinders. 

The  calcination  or  roasting  takes  place  in  furnaces  of  very 
different  kinds.     These  may  be  classed  as  follows  : — 

1.  Ordinary  reverberatory  furnaces,  similar  to  black-ash  furnaces. 
These  were  in  use  at  first,  but  liavc  been  given  up  long  since. 

2.  Reverberatory  furnaces  with  gaseous  fuel.  These  are  prin- 
cipally used  in  Lancashire ;  they  are  illustrated  by  figs.  471 
and  472. 

Three  gas-producers  furnish  the  gas  for  eight  calcining-furnaces ; 
it  passes  from  the  main  due  into  the  fiue  E  across  the  width  of  the 
furnace ;  from  this  it  rises  through  5  vertical  flues  G,  each  of  them 
provided  with  a  damper;  it  then  travels  through  the  flues  F  below 
the  furnace-bed,  then  directly  over  the  chaise  and  through  the 

VOL.  I.  4  c 
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Thus  the  combuBtion  can  be  regulated  so  tbat  aome  unbnmt  gas 
gets  as  far  as  the  fire-bridge  and  is  only  lighted  there.  H  H  are 
the  workiDg-doors ;  K,  chargiog-holes  in  the  arch,  closed  by  loose 


metal  plates  and  fine  ore  on  the  top  of  these ;  I,  binding-plates. 
Hacli  furnace  holds  45  cwt.  of  ore. 
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Similar  furnaces  are  used  at  Oker  ;  these  are  represented  in 
igB.  475^to  478.     They  work  two  charges  of  SJ  tons  each  everr 


24  hours.     Here  /  marks  the  main  channel   for  the  gas ;  yf 
flvecbaanels  for  the  same  belon'  the  furnace-heds;  k,  the  slitii  t'oi 
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Fig.  477. 
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introducing  the  air  ;  i,  the  outlet  for  the  mixed  fire-  and  calcining- 
gas  to  the  condenser ;  I,  the  working-holes ;  m,  the  chargii^- 
hopper. 

3.  Blind  roasters  (muffles),  employed  at  all  the  works  of  tbe 
Tharsis  Sulphur  and  Copper  Co.,  figs.  479  to  481.  Here  the  flame 
does  not  come  into  direct  contact  with  the  charge,  but  only  acts 
through  the  brickwork  of  the  bed  and  the  arch.  The  chai^  is 
worked  in  the  muffle  6,  with  the  working-  and  discharging- 
doors  M.  Its  bottom  is  formed  by  fire-clay  slabs  covering  tk 
fire-flues  V  L  ;  its  cover  by  a  thin  arch.  The  ore  is  spread  in  i 
thin  layer,  and  receives  the  air  necessary  for  its  roasting  only 
through  the  working-doors  M ;  in  the  other  part  of  the  furnace 
the  oxygen  contained  in  the  fire-gas  is  active  as  well.  The  flanu 
from  the  double  grate  H  first  travels  by  I  over  the  muflle-arcL 
then  downwards  in  three  channels  on  each  side  (V^  &  V^').  Tfcf 
gas  of  each  three  channels  is  united  in  a  flue  (L  &  L'),  and^  after 
having  returned  in  the  opposite  direction,  descends  by  m  into  th 
flue  n  situated  below  the  ground-line,  which  enters  the  mam 
chimney,  o  is  the  regulating  damper;  p,  the  outlet  for  tk 
calcining-gas^  which  descends  by  r  to  the  horizontal  subterraneoib 
flue  q,  and  thence  arrives  at  the  acid-condensers.  The  meta. 
dish  N,  on  the  top  of  the  furnace,  serves  for  a  first  heating  of  tLt 
mixture ;  it  communicates  with  the  muffle  through  several  pipe> 
usually  covered  with  a  metal  plate ;  by  raising  the  latter  the 
mixture  is  let  down  into  the  muffle. 

The  muffle-furnaces  at  Natrona  are  exactly  similar  to  the  above. 
We  therefore  abstain  from  reproducing  the  design  in  Min.  Ind,  ii. 
p.  287,  and  merely  quote  the  dimensions  of  those  furnaces.  Ash- 
pit 18  in.  wide,  3  ft.  1^  in.  deep.  Fire-grate  18  in.  x  9  ft.  Fire- 
bridge 2  ft.  6  in.  from  grates  to  top  of  muffle-arch.  Space  between 
top  of  muffle-arch  and  bottom  of  outer  arch  14  in.  (The  fir>r 
6  feet  of  the  muffle-arch  are  double,  the  remainder  only  ^  brick. 
Width  of  furnace-hearth  10  ft.  from  door  to  door,  7  ft.  9  in.  clear 
(each  side  wall  being  13^  in.  thick)  ;  length  35  ft.  clear  ;  heigh: 
18  in.  to  springy  30  in.  to  crown  of  arch.  Pillars  to  support  hearct 
16^  in.  wide,  20  in.  apart.  Four  charging-hoppers,  18  in. 
wide ;  one  cast-iron  gas-pipe  passing  through  both  arches^  9  in. 
wide. 

Muffle-furnaces  seem  to  have  superseded  at  present  all  other 
descriptions  of  calcining-furoaces  for  this  purpose. 


leJ*-^ 


I 
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¥ig.  482. 


Pig.  4P3. 


Kg.  481. 
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4.  ComlnTted  furnaces,  used  by  the  Bede  Metal  Company  at 
Hebbam-OD-Tyne  (shown  in  figs.  482  to  485).  Here  the  ilame 
of  the  fire,  a,  does  not  play  direct  upon  the  charge,  but  is  kept  off 
it  by  an  arch,  b,  reaching  half  the  length  of  the  furnace ;  after 
this  the  flame  touches  the  furnace-bed  directly  and  descends  by  c 
in  order  to  return  by  eight  channels,  d  d,  beneath  the  furaace-bed, 
and  to  escape  at  e  into  an  underground  flue  leading  to  an  acid- 


condenser.  The  working-doors  //  serve  for  stirring  and  dis- 
charging ;  the  pan  g  for  a  first  heating  of  the  charge  ;  the  pipes  hit 
for  dropping  it  into  the  furnace.  The  purpose  of  the  arch  b  is  to 
avoid  overheating  those  portions  of  the  ore  nearest  the  fire-bridge, 
in  which  the  copper  might  easily  be  roasted  dead;  in  fact  the 
hottest  part  of  these  furnaces  is  that  behind,  the  part  below 
the  protecting  arch  hardly  attaining  a  dark  red-heat. 

5.  Mechanical  calcining -Jumaces  with  revolring  hearth,  patented 
in  1872  by  Gibb  and  Gelstharpe,  and  12  of  which  exist  at  the 
Bede  metal-works.  Figs.  486  to  489  represent  this  furnace.  The 
bed  consists  of  a  circular  pan,  b  b,  made  of  boiler-plate,  lined  with 
fire-brieka,  D.  The  side  walls,  mm,  and  the  arch,  n,  form  the 
other  parts  of  the  calcining-space.  Ou  one  side  there  is  a  fire- 
place, C,  whose  flame  travels  across  the  hearth  to  F,  whence  it 
enters  an  underground  flue  leading  to  the  chimney,  along  with  the 
gas  evolved  in  calcining.  The  pan  bb\%  carried  on  wrought-iron 
girders  fixed  on  a  central  cast-iron  spiodle  which  works  in  a  foot- 
step and  is  maintained  in  a  vertical  position  by  a  collar,  fitted 
with  brasses,  in  which  an  upper  bearing  of  the  spindle  works, 
carried  by  the  tubular  cast-iron  stays  gg.  This  pan  is  caused 
to  revolve  in  its  own  plane  on  the  central  footstep  by  an  endless 
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Fig.  48S. 
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chain^  a,  carried  round  a  sheave,  I,  from  which  it  passes  over  tie 
guiding-pulleys  i  i  to  the  horizontal  sheave  underneath  the  pan. 

A  small  pump,  driven  by  the  same  main  shaft,  constantly  pump 
lubricating-oil  from  a  tin  vessel  into  the  footstep,  the  excess  of  oil 
running  back  into  the  same  vessel  again.  The  hearth  is  trarersei 
by  a  cast-iron  plough,  G,  made  to  reciprocate  in  a  radial  line  n 
the  circle  by  the  wr ought-iron  arm  H  connected  with  the  cross- 
head  K.  The  motion  of  this  cross-head  is  equal  to  the  radio; 
of  the  hearth,  and  is  derived  from  the  driving-shaft  L  by  means  o: 
the  worm  and  scroll- wheel  c  and  the  pair  of  spur-wheels  d  and ; 
the  larger  of  which,  by  means  of  the  crank-pin  and  connectiio:- 
rod  /,  gives  a  reciprocating  motion  to  a  lever,  the  forked  nppe: 
end  of  which,  by  means  of  pins  working  in  slots,  moves  tt 
cross-head  with  the  plough-arm  and  plough.  The  speeds  o 
the  circular  hearth  and  the  plough  are  so  adjusted  that  tL 
plough  does  not  travel  more  than  its  own  breadth  during  one 
revolution  of  the  hearth ;  so  that  every  part  of  the  circle  of  tl-; 
hearth  is  gone  over  by  the  plough  in  each  journey  from  or  to  it^ 
centre. 

The  furnace  is  charged  by  means  of  the  hopper  E,  let  into  i 
slit  of  the  arch,  and  discharged  by  a  set  of  parallel  plates  M. 
which  are  arranged  obliquely  across  a  radial  line  of  the  circle  o: 
the  hearth  on  the  opposite  side  of  the  centre  to  that  in  which  ti^^ 
plough  travels.  These  plates  are  rigidly  bound  together  at  to; 
and  bottom,  and  suspended  by  a  chain,  so  that  they  can  be  rm- 
out  of  or  lowered  into  the  furnace  through  the  roof.  The  plate^ 
are  shown  in  the  furnace  in  the  position  for  discharging,  with ; 
plate,  0,  fixed  in  the  doorway,  folded  against  the  outer  plate  of  tfe 
series  M.  When  the  discharging-plates  are  in  this  position,  eac. 
throws  the  ore  carried  against  it  by  the  revolution  of  the  hearti 
towards  the  circumference  into  the  path  of  the  next  outward  plai- 
by  which  it  is  again  thrown  outwards  at  the  next  revolution,  tor; 
at  length  propelled  against  the  doorway-plate  o,  which  throws : 
from  the  edge  of  the  hearth  on  a  shoot,  /?,  over  which  it  runs 
to  the  floor  outside  tlie  furnace.  When  the  furnace  is  workii:: 
the  plates  are  raised  through  the  roof,  and  the  opening  throujt 
which  they  pass  is  closed  by  a  slide.  The  bolt  N  fixes  the  platt" 
in  their  position. 

In  order  that  the  pan  may  freely  revolve  round  the  spindle,  i- 
side  walls  m  m  are  1  inch  apart  from  the  edge  of  the  pan ;  tL 
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air  rising  in  this  intermediate  space  causes  the  oxidation.  The 
brickwork  reaches  down  to  the  ground-line ;  and  the  machinery 
underneath  the  hearth  is  only  accessible  by  an  iron  door^  so 
that  it  is  protected  from  the  coal-  and  ore-dust.  Every  part  of 
the  machinery  is  very  strong  and  not  liable  to  get  out  of  repair — 
excepting  the  cast-iron  plough^  G^  which  must  be  replaced  once 
a  fortnight^  but  at  a  smaller  expense  than  that  of  the  tools  in  a 
furnace  worked  by  hand.  The  plates  M  sufier  very  little^  because 
they  are  only  for  a  very  short  time  exposed  to  the  fire.  The  twelve 
furnaces  at  the  Bede  metal- works  are  driven  by  two  steam-engines 
of  18  indicated  horse-power  each. 

All  these  different  descriptions  of  furnaces  have  the  same 
object ;  and  the  style  of  working  is  accordingly  very  similar  in  all 
cases.  The  ore  must,  of  course,  be  completely  roasted — that  is, 
sufficiently  to  convert  the  copper  into  sulphate,  which^  owing  to 
the  presence  of  sodium  chloride,  at  once  forms  with  this,  by 
mutual  decomposition,  cupric  chloride  and  sodium  sulphate; 
whilst  the  iron  should  be  converted  as  completely  as  possible  into 
ferric  oxide,  so  as  to  become  insoluble.  In  this  process,  owing  to 
the  simultaneous  action  of  SOs  and  0  upon  NaCl,  chlorine  is 
evolved,  which  must  greatly  aid  in  chlorinating  the  copper  as  well 
as  any  other  metal  present.  At  the  same  time  a  large  quantity 
of  HCl  is  formed,  which  converts  the  oxides  of  copper,  silver, 
zinc,  &c.  into  chlorides,  whilst  at  the  calcining-temperature  ferric 
chloride  cannot  continue  to  exist  as  such.  At  Oker  the  formation 
of  hydrochloric  acid  is  purposely  aided  by  using  carnallite  in  lieu 
of  common  salt,  as  the  MgCl2  contained  in  the  former  readily 
yields  MgO  and  HCl.  This,  however,  is  not  absolutely  requisite, 
as  with  2NaCl  the  CUSO4  already  produced  in  calcining  yields 
GuCls  and  Na3S04.  Cupels  also  is  always  formed  at  the  same 
time.  Since  the  chlorides  of  copper  are  both  unstable  and  volatile 
at  very  high  temperatures,  a  low  red-heat  ought  not  to  be  exceeded  ; 
so  that  any  copper-pyrites  still  present  in  the  cinders  is  not  burnt, 
and  therefore  escapes  chlorination.  Accordingly,  copper-pyrites 
(or  Cu^S)  ought  not  to  be  present  in  any  quantity  for  the  wet- 
extraction  process ;  and  consequently  ores  with  more  than  8  per 
cent,  of  copper,  which  can  never  be  roasted  with  sufficient  com- 
pleteness in  the  chemical  factories,  cannot  be  utilized  by  this 
process,  but  only  by  smelting. 

Manifold  experience  has  taught  that  without  employing  common 
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salt  (that  is^  without  chlorinating)  it  is  never  possible^  ereo 
approximately^  to  hit  the  point  where  the  more  easily  decomposed 
ferric  sulphate  no  longer  exists,  whilst  the  less  easily  decomposable 
cupric  sulphate  is  still  present  as  such^  the  iron  being  then  present 
in  an  insoluble,  the  copper  in  a  soluble  form.  If  ferric  salt  remains 
in  a  soluble  form^  it  naturally  passes  over  into  the  lyes^  and,  ic 
the  operation  of  precipitating  the  copper,  causes  a  great  loss  of 
metallic  iron  by  its  reduction  to  ferrous  salts.  If^  on  the  other 
hand,  much  copper  has  likewise  passed  into  an  insoluble  form, 
more  hydrochloric  acid  is  required  for  its  solution.  In  any  case 
the  formation  of  some  cupric  oxide  and  cuprous  chloride^  insoluble 
in  water,  cannot  be  avoided. 

Wedding  has  observed,  and  described  in  detail^  the  calcining- 
process  as  carried  on  at  Widnes  in  a  gas-furnace.  The  charge. 
of  45  cwt.  of  ore  mixed  with  17  per  cent,  of  salt,  is  let  down  on  to 
the  hearth,  spread  out  and  slowly  heated  till  a  low  red-heat  ha^ 
been  reached  nearest  the  fire-bridge ;  the  charge  is  turned  over 
and  left  to  itself,  the  gas  being  shut  off,  but  the  air  being  allowed 
to  enter,  so  that  after  two  hours  scarcely  any  glowing  can  be 
perceived  at  the  fire-bridge.  After  one  hour's  and  three  hours" 
calcining  respectively,  the  copper  of  the  charge  behaved  as 
follows : — 

1  hour's  calcining.    3  hours'  calcining, 
per  cent.  per  cent. 

Soluble  in  water    54  51 

HCl 38  42 

NOaH  8  7 

After  three  hours  the  charge  is  quite  dark,  and  is  now  well 
turned  over  with  a  slice  of  3  or  4  inches  breadth,  as  well  as  with 
a  rake ;  there  ought  to  be  no  necessity  for  giving  more  fire,  as  the 
temperature  should  from  the  first  have  been  raised  to  the  proper 
point.  On  raking  over  the  charge,  which  is  now  done  regularly 
with  short  interruptions  only,  the  temperature  rises  of  itself  in 
consequence  of  the  chemical  reactions,  the  rise  becoming  sensible 
after  4|  hours  (counting  from  the  beginning) ;  so  that  after  5^ 
hours  a  dark  red-heat  has  been  reached.  Up  to  this  point  there 
is  a  copious  evolution  of  white  vapours  and  blue  flames ;  from  this 
period  there  is  less  of  these,  and  it  is  the  calciner's  principal  task 
to  see  that  the  heating  of  the  charge  is  quite  equal  all  over,  and 
that  some  places  do  not  show  more  blue  flames  than  others.     After 
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6^  hours  these  flames  almost  entirely  disappear ;  and  this  fact, 
along  with  the  greenish-grey  colour  of  the  charge,  constitute  the 
practical  tests  for  judging  whether  the  operation  is  finished.  A 
sample  is  now  drawn ;  and  if  its  examination  shows  the  comple- 
tion of  the  calcining-process,  the  charge,  which  has  now  been  6^ 
or  6J  hours  in  the  furnace,  is  drawn  out.     Of  the  copper  now 

75  per  cent,  is  soluble  in  water, 
20        „  „  HCl, 

5         „  „  NO3H. 

Good  workmen  can  finish  the  calcining  in  a  gas-furnace  in  six 
hours. 

Wedding  observes  that  the  watery  solutions  constantly  show 
more  sulphur,  and  that  the  testing  of  the  calcined  ore  of  difierent 
works  proves  the  process  to  be  carried  out  very  unequally ;  but  it 
is  certain  that  the  best  results  are  in  fact  got  by  the  most  careful 
work.  The  calciner's  task  is,  first  to  heat  the  charge  and  thus  to 
start  the  chemical  reactions,  but  then  to  maintain  these  at  the 
lowest  possible  heat  up  to  the  finish,  and  to  spread  them  equally 
through  the  whole  mass.  It  is  of  great  importance  not  to  leave 
the  ore  any  longer  in  the  furnace  than  exactly  the  necessary 
time ;  this  is  made  difficult  by  the  depth  of  the  layer  of  ore, 
viz.  5  or  6  inches — which,  on  the  other  hand,  facilitates  the  chlor- 
ination,  since  the  gas  rising  in  the  ore  heated  both  at  top  and 
bottom  has  all  the  more  opportunity  of  coming  into  contact  with 
all  parts  of  it. 

Evidently  the  process  is  altogether  dependent  upon  the  skill  of 
the  workman,  whilst  with  the  mechanical  furnace  of  Gibb  and 
Gelstharpe  only  the  firing  needs  attention.  In  the  latter  furnace 
indeed  a  lower  heat  is  sufficient,  one  that  never  reaches  a  red  glow 
visible  in  daylight. 

At  Oker,  where  gas-furnaces  exactly  like  those  of  Widnes  are 
used,  each  charge  of  50  cwt.  of  ore  with  15  per  cent,  potash  salts 
is  brought  to  a  low  red-heat  in  four  hours;  the  firing  is  then 
interrupted  and  the  mass  raked  over.  Owing  to  the  chemical 
reactions,  the  heat  at  first  increases,  but  towards  the  end  goes  back 
again.  During  the  turning-over  stage,  which  lasts  five  hours,  the 
air-slides  are  opened  to  admit  the  air  to  the  charge ;  after  that 
time  the  charge  is  drawn.     Two  charges  are  put  in  every  24  hours. 
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Analysis  of  a  sample  taken  in  the  middle  of  the  calcining-prooes 
(the  mixture  containing  20  per  cent,  carnallite)  : — 


Soluble  in  water. 


Insoluble  in  water. 


Cu 

Fe 

AlA 

Mn 

Ni 

Zn 

CaO 

MgO 

K„0 

Na,0 


per  cent. 


per  cent. 


1-94,  calc.  as  CuCL    S'll 


0003. 

0-74, 

Oil, 

0-69. 

0-20, 

IHO, 

2-76. 


It 
it 

it 

>• 
If 
tt 
it 

tt 


AgCl 0004 


FeCl 


1-68 


A1,(S0J3 0*39 

MnClj  1-58 


NiCl 
ZnCl' 
CaCl, 


0-44 
3-40 
6-27 


Cu 

'  Pb 
Fe 


per  cent. 
4-32,  calc. 


Sulphates 1815 


35024 


0-39, 
34-49, 

3-30, 

003, 
Zn+Ni  0-29. 
OaO  0-45, 
SO3  1-86 
S  1-47 

Gl  trace. 

Insoluble  in  acids 


il,0, 

Mn 


f» 

fS 

If 
ff 
»f 
»f 


perftt 
fCuOsol.ini    . 

*"    Cu^SsoLin'    ^^ 
aqua  regis  / 

PbSO^ •  " 

fF^aOj 4o^' 

«  Fe  (804)3  -  ' -' 
FeS 

AljO,  ;  j 

MnjO, ,  '"- 

ZNO-f-NiO U 

CaSO^ 1^ 


A-. 


Sample  of  calcined  ore  taken  at  the  finish : — 

Soluble  in  water.  Insoluble  in  water. 


Cu 

Ag 

Fe 

Al.,03 

Zn 

Mn 

Ni 

CaO 

MgO 

K^O 

Na.O 


per  cent.                                 per  cent. 
3-86,  calc.  as  CuCIo 8*17 


0005, 

0-60, 

017, 

1-64, 

0-75, 

007, 

1-60, 


If 
>f 
If 
If 
If 
i» 
II 

II 


AgCl 0006 

FeOL 1-38 

AlaCSOJ,  0-56 

ZnCL...." "    " 


3'42 

M11CI2   1-71 

015 
317 


NiOl., 
CaCI.,. 


Cu 
Pb 

Fe 


per  cent.  per  ce^' 

2-57,  calc  as  {g;3    ^' 

1-17, 

34-56, 


_       IM 

PbSO;. ..]."!."."'"  rJ 
Fe.p3 Ali' 


Sulphates 


.20-50 


AI2O3  0-44, 
Zn  0-37, 
Mn+Ni  trace. 
OaO  0-49, 
SO3  1-49 
CI  trace. 

S  0-64 

Insoluble  in  acids 


If 


fi 


If 


«i 


1 S^'^^^*^* 

FeSj    

AI0O3   

ZnO 


CaSOj 


v. 


I'l 


39066 


ft^j 


The  mechanical  furnace  has  the  advantage  also  in  respect  of  th 
addition  of  salt ;  only  7^  per  cent,  of  salt  is  required  in  it,  against 
15  in  the  hand-furnaces.  Often  only  a  portion  of  the  salt  is  mix€% 
with  the  ore  at  the  outset,  and  the  remainder  added  afterwank 
In  the  blind  roasters  the  ore  is  calcined  first  nine  hours  Trith  I- 
per  cent,  salt,  and  another  three  hours  with  8  per  cent,  more  salt- 
In  the  combined  furnaces  with  protecting  arch  the  weight  of  or? 
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is  58  cwt.,  and  the  time  of  caleining  eight  hoars ;  in  the  mechanical 
furnaces  5  tons  and  nine  hours. 

Gibb  gives  the  following  analyses  of   the  results  of  calcina- 
tion : — 


1 

t                                  ; 

Gas-Furnace. 

Close  Furnace. 

-  1 

Mechanical 
Furnace. 

1 

p.  0.      Cu  p.  c. 

p.  c.    Cu  p.  c. 

1 

p.  c.    Cu  p.  c. 

Ouprio  chloride    ... 

4-03  =  1-90 

4-25  =  2-00 

6-70  =  315 

Cuprous  chloride . . . 

•32  =    -20 

•35  =    -21 

nil. 

Cuprio  oxide 

1-26  =  1-00 

•88  =    -70 

•32  ==    -25 

Sodium  sulphate  ... 

2-50 

3-40 

0-90 

Insoluble  copper  ... 

1318 

17-40 

1403 

•15 

•12 

•13 

Total  copper 

325 

303 

353 

The  principal  point  is  always  this,  that  as  little  copper  as  possible 
should  remain  in  a  state  insoluble  in  water  and  dilute  acids.  In 
the  above  cases  the  quantity  varies  from  01 2  to  0*15  per  cent.  ; 
the  slightly  more  favourable  result  of  the  blind  roaster,  according 
to  Gibb,  is  far  more  than  counterbalanced  by  its  greater  con- 
sumption of  fuel  (50-100  per  cent.).  The  most  favourable  result 
is  obtained  with  the  mechanical  furnace,  in  which  next  to  no 
cuprous  chloride  and^  even  with  the  worst  ores,  rarely  more  than 
0'25  per  cent,  of  CuO  are  formed. 

At  Oker  the  average  result  of  the  constantly  taken  samples  of 
calcined  ore  is  :  75  per  cent,  of  the  copper  contained  in  the 
ore  is  soluble  in  water,  20  per  cent,  in  dilute  hydrochloric  acid, 
and  5  per  cent,  in  aqua  regia. 

If  the  pyrites  contains  more  than  4  per  cent,  copper,  the  cinders 
cannot  be  worked  in  England  with  advantage  by  the  wet  process. 
At  the  Bede  metal-works  many  experiments  have  been  made  with 
richer  ores:  but  with  6  per  cent,  copper  the  salt,  the  coals, 
and  the  labour  are  too  dear.  In  this  case,  however,  another 
circumstance  comes  into  play :  by  the  Cornish  copper  assay  about 
2  per  cent,  copper  less  than  the  truth  is  indicated ;  and  this  with 
a  poor  ore  of  course  amounts  to  a  much  larger  proportion  of  the 
whole  (sometimes  more  than  half)  than  with  richer  ores ;  thus  the 
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former  are  cheaper  for  the  wet  process  than  the  latter.  At  Okw, 
where  this  reason  does  not  exists  ore  up  to  8  per  ceat.  Cu  can  be 
extracted  by  the  wet  process. 

It  has  already  been  remarked  that  the  sulphur  in  the  cinden 
must  bear  a  certain  proportion  to  the  copper ;  with  a  4-per-ceQ: 
ore  it  ought  not  to  exceed  6  per  cent. ;  an  equal  percentage  of  S 
and  Cu  is  preferable.  If  less  S  is  present^  raw  pyrites  must  h 
added.  The  more  S  there  is  present,  the  more  salt  must  be  added, 
and  the  more  time  will  the  calcination  take. 

The  tests  for  ascertaining  the  completion  of  the  calcination  ait 
of  a  very  simple  character,  which  is  the  more  necessary  as  thej 
must  be  made  very  quickly.  A  certain  measure  of  the  charge,  no: 
weighed,  is  lixiviated  by  water  and  dilute  HCl,  just  as  on  the  large 
scale ;  the  residue  is  boiled  with  aqua  regia,  supersaturated  with 
ammonia,  and  allowed  to  settle ;  the  more  or  less  blue  colour  u: 
the  solution  of  ammonio-cupric  salt  gives  a  sufficient  indication 
of  the  percentage  of  insoluble  copper. 

Condensation  of  the  calcination-gas, — In  all  the  descriptions  c: 
furnaces  mentioned  above,  except  the  blind  roasters,  this  gas  is 
mixed  with  the  fire-gas,  but  even  in  these  it  is  mixed  with  air  cc 
such  an  extent  that  a  condensation  of  strong  acid  is  not  very  weL 
possible.  The  acid  is  a  little  more  concentrated  than  that  froa 
open  calciners  ;  but  this  matters  very  little,  as  it  is  always  used  12 
a  very  dilute  state  for  lixiviating.  The  calcination-gas  principal]^ 
contains  (besides  oxygen  and  nitrogen)  SO2,  SO3,  HCl,  CI,  and  very 
small  quantities  of  metallic  chlorides.  Henderson  had  proposeii 
to  volatilize  the  copper  entirely  as  CuClj,  and  condense  the  lattt: 
in  towers ;  but  this  has  turned  out  quite  impracticable.  The  smal 
quantity  of  copper  passing  over  into  the  condensers,  about  J  per 
cent,  of  the  whole,  is  not  lost,  as  the  condensed  acid  is  used  h: 
lixiviating  the  charge. 

The  condensation  of  the  gas  from  the  calciners  takes  place  ii 
towers  of  exactly  the  same  kind  as  those  (described  in  detail  in 
the  second  volume)  for  hydrochloric  acid — ^that  is  to  say,  made  d 
brickwork  set  in  tar  and  sand  (or,  better,  of  stone  flags),  aBO 
packed  with  coke,  fire-bricks,  and  the  like.  Sometimes  condensers 
made  of  very  large  stoneware  pipes  are  employed.  A  coke  packing 
can  be  used  with  blind  roasters ;  but  the  other  furnaces  require  a 
packing  of  bricks  or  stoneware,  and  must  have  larger  condensers, 
as  these  have  to  serve  for  a  larger  volume  of  gas.  The  size  of  the 
towers  varies  with  that  of  the  plant ;  for  12  furnaces  a  tower  or 
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8  feet  square  and  40  to  50  feet  high  is  sufficient.  The  gas  enters 
at  the  bottom,  meets  a  spray  of  water  coming  from  the  top,  which 
washes  the  acids  out  of  it,  and  again  leaves  the  tower  at  the 
top,  whence  it  is  taken  downwards  into  a  flae  leading  into  the 
chimney. 

The  total  condensed  liquid  (a  mixture  of  weak  sulphuric  and 
hydrochloric  acids ;  the  SO2  in  the  condensation  is  oxidized  to 
SO4H2  by  the  action  of  the  chlorine)  is  used  in  the  succeeding 
operation  of  lixiviating,  and  •frequently  is  not  even  sufficient  for 
dissolving  all  the  CuO  and  CU2CI2. 

Lianviation  of  the  calcined  mixture, — ^The  mixture  is  carried  in 
bogies  running  on  tramways  over  each  of  the  lixiviating-tanks  and 
tipped  into  these.  The  only  available  material  for  the  tanks  is 
wood ;  most  metals  are  excluded  by  the  nature  of  the  lixiviating- 
liquid ;  stone,  asphalt,  &c.,  both  by  their  costliness  and  by  the 
heat  of  the  charge.  As  such  large  wooden  vessels  cannot  well  be 
kept  tight  on  account  of  the  unavoidably  rough  treatment  and  the 
hot  acid  liquors,  the  whole  floor  of  the  lixiviating-shed  is  covered 
with  a  thick  layer  of  asphalt  and  slopes  to  one  side,  so  that  all 
liquors  leaking  out  run  off  to  a  catch- well,  into  which  enter  at 
the  same  time  earthenware  spouts  for  carrying  the  strong  copper- 
liquors. 

The  lixiviating-tanks  are  square,  about  11x11  feet  wide  and  4 
to  5  feet  deep,  made  of  well-seasoned  and  planed  3-inch  planks, 
kept  together  by  corner-pieces,  screw-bolts,  &c.  The  joints  are 
tightened  by  putting  on  a  little  red-lead  before  putting  the  planks 
together ;  the  bottom  joints  are  besides  caulked  with  tarred  spun 
yarn,  and  the  whole  vessel  painted  with  hot  coal-tar.  At  Oker 
lead-lined  vessels  are  used,  which  are  very  expensive  and  frequently 
need  repair.  On  the  bottom,  laths  on  end  are  placed;  upon 
these,  perforated  fire-tiles  or  boards ;  upon  this  false  bottom  a 
layer  of  sifted  furnace-cinders  is  spread  out;  and  on  the  top  a 
layer  of  heather  or  coke  (at  Oker  of  straw)  3  to  6  inches  deep  is 
put.  The  liquors  are  conveyed  in  earthenware  and  india-rubber 
tubes  of  3  to  4  inches  diameter,  the  latter  provided  with  iron 
pinch-clamps.  In  order  to  force  the  liquors  from  one  tank  to  the 
other,  or  from  the  catch-well  into  the  tanks,  simple  stoneware 
injectors  are  provided.     Each  tank  has  a  steam-pipe  for  heating. 

At  Natrona  the  leaching-  and  precipitating-tanks  are  made  of 
very  sappy  yellow  pine,  well  tarred  before  use,  and  consist  of  an 
outer  shell  of  3-in.  planks,  an  inner  lining  of  the  same  thickness, 
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leaving  a  3-inch  space  between  the  two  layers  of  timber^  whidi 
space  is  afterwards  filled  with  a  mixture  of  ^*  hard  tar  '^  (probably 
soft  pitch)  and  screened  sand^  melted  together  in  a  kettle  and  veL 
mixed  before  pouring  in.  The  bottom  is  covered  with  a  S-incb 
coat  of  the  same  material.  The  planks  are  put  together  vitl 
wooden  pins  and  bounds  as  shown  in  fig.  490.  The  ends  or  joints 
are  halved  together,  and  caulked  with  oakum  and  red-lead.    Tl-: 

Fi>?.  490. 


Fig.  491. 
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tanks  are  12  x  12  it.,  4  ft.  or  6  ft.  deep.  In  lieu  of  a  grating, 
hard-burned  bricks  are  laid  flat  side  by  side.  Fig.  491  shows  the 
wooden  spigot  serving  in  lieu  of  an  outlet-cock. 

Into  each  tank  about  10  tons  of  calcined  ore  are  put,  quite  hot 
from  the  furnaces,  and  are  first  covered  with  weak  liquor  from  a 
previous  operation,  which  gets  heated  by  the  heat  of  the  mass  itself. 
After  one  or  two  hours  the  now  concentrated  liquor  is  run.  off  br 
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a  plug-hole  below  the  false  bottom,  and  goes  forward  to  the  pre- 
cipitation.    The  plug  is  put  in  again,  and  the  lixiviation  continued 
by  hot  water ;  thus  weaker  liquors  are  produced,  which  are  forced 
to  a  fresh  tank  as  just  described.     Generally  three  waters  are  put 
on,  and  thus  most  of  the  purest  copper  and  95  per  cent,  of  all  the 
silver  contained  in  the  pyrites  are  obtained.     Then  follow  several 
(up  to  6)  washings  with  the  weak  condenser-acid,  or,  if  this  does 
not  suffice,  with  hydrochloric  acid  bought  for  the  purpose  and 
much  diluted.     This  is  not  necessary  with  mechanical  furnaces, 
because  the  copper-salts  from  these  are  mostly  soluble  in  water ; 
but  it  is  generally  necessary  with  hand-furnaces.     Even  when  no 
acid  need  be  bought,  but  sufficient  condenser-acid  is  obtainable, 
a  saving  of  acid  is  important,  since  the  condenser-acid  conveys 
arsenic  and  bismuth  into  the  copper. 

The  liquors  obtained  by  the  use  of  acid  contain  many  impurities, 
especially  As,  Bi,  Sb,  and  Pb — according  to  Gibb,  for  each  100 
parts  of  Cu,  5*4  As  and  0*3  Bi ;  and  they  are  accordingly  treated 
separately  in  most  works,  because  they  yield  impure  copper. 

It  is  a  principal  rule  to  allow  each  water  to  stand  only  a  few 
hours  on  the  ore;  the  nine  washings  of  each  tank,  together 
with  charging  and  emptying  it,  are  not  to  last  beyond  4S  hours. 
Accordingly,  for  each  5  tons  of  calcined  ore  obtained  per  diem  one 
tank  is  required,  and  besides,  on  the  whole,  a  few  reserve  tanks. 

The  residue  from  lixiviation,  after  draining,  is  tipped  on  a  heap 
and  afterwards  sold  to  the  iron-smelters.  It  is  the  value  of  this 
residue  which  makes  the  wet  process  in  this  case  more  profitable 
than  the  dry  process^  as  it  forms  a  valuable  iron-ore,  going  by 
the  name  of  '^  purple  ore ''  or  '^  blue  billy."  The  following  is  the 
composition  of  two  average  samples  : — 

Ferric  oxide 90-61  95-10 

Copper 0-15  0*18 

Sulphur    0-08  0*07 

Phosphorus  0  — 

Lead  sulphate 1-4.6  1-29 

Calcium  sulphate 0-37  0*49 

Sodium  sulphate 0*37  0*29 

Sodium  chloride 0-28  — 

Insoluble 6*30  2-13 

99-62        99-55 
Metallic  iron    63-42        6657 
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This  ore  is  thus  shown  to  be  very  rich  in  iron,  entirely  free  from 
phosphorus^  and  to  contain  very  Uttle  sulphur ;  its  slig^ht  peroenta^ 
of  copper  does  no  harm.  The  only  drawback  is  its  fine  state  of 
division.  It  can  to  some  extent  be  employed  directly  in  it 
pulverulent  state  as  a  mixture  with  5  or  even  only  3  parts  of  lump 
iron-ore  in  blast-furnaces ;  using  limestone  in  addition^  both  gre^ 
and  white  pig  can  be  made  from  it.  Most  of  this  ore,  howerer. 
is  used  for  "  fettling  '^  the  sides  and  bottom  of  puddling-f omacf^ 
in  lieu  of  haematite^  for  which  it  is  very  well  adapted^  or  in  tbr 
Siemens-Martin  process.  Its  direct  conversion  into  iron  and  stec. 
on  the  large  scale  has  not  yet  been  carried  out.  At  Oker  it  i^ 
easily  used  up  in  the  various  metallurgical  processes  there  carried 
on,  and  even  its  small  percentage  of  copper  is  turned  to  account. 
They  obtain  upon  130  parts  of  pyrites-cinders,  75  parts  of  extractioL 
residues  of  the  following  composition  : — 

Ferric  oxide    79  per  cent. 

Alumina     3         „ 

Magnesia  and  alkalies  1         „ 

Lime  2*5      „ 

Sulphuric  acid  5-5      „ 

Insoluble  in  acids 6         „ 

Purple  ore  is  more  valued  the  freer  it  is  from  siliceous  ^angue ; 
and  for  this  reason  that  made  from  Spanish  and  Portuguese  i^ 
preferred  to  that  from  Norwegian  pyrites. 

According  to  Clemmer  (Min.  Ind.  ix.  p.  289)  the  purple  ore  i? 
now  moulded  in  America  into  briquettes  (it  is  not  stated  with  what 
agglomerating  substances)  by  an  ordinary  automatic  brick-making 
machine  and  burned  in  a  down-draught  kiln.  These  briquette? 
test  less  than  0*25  per  cent,  sulphur^  and  are  easily  disponed  of  to 
pig-iron  manufacturers,  some  of  whom  require  all  the  sulphur  to 
be  removed ;  for  this  purpose  the  briquettes  must  be  burned  at 
a  very  high  temperature  for  five  or  six  days  and  virtually  fused. 

Comp.  p.  1105  as  to  the  various  processes  for  aggloiaerating 
pyrites-cinders,  all  of  which  of  course  apply  also  to  purple  ore. 

The  Zeaef  contained  in  the  pyrites  exists  in  the  cinders  as  sulphate. 
Part  of  this  is  carried  away  with  the  leaching-liquors  in  the  shape 
of  mud  and  is  removed  by  settling  out ;  this  mud  contains  some 
gold.  Another  portion  remains  behind  in  the  lixiviated  residue, 
mixed  with  the  purple  ore  and  injuring  its  quality  as  an  iron-ore. 
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Schafiiier  (Fischer's  Jahresb.  1880,  p.  136)  removes  and  utilizes  the 
lead  in  the  following  simple  and  cheap  manner : — After  roasting  the 
ore  with  common  salt  as  usual  and  washing  out  all  soluble  chlorides 
and  sulphates,  the  residue  is  drenched  with  chloride-of-calcium 
liquor  (from  the  Weldon  chlorine  process)  of  9°-12°  Tw.,  heated 
to  about  40°  C,  and  acidulated  with  hydrochloric  acid.  By  mutual 
decomposition  gypsum  and  lead  chloride  are  at  once  formed,  which 
remain  dissolved  in  the  acid  liquor.  This  is  run  off  and  brought 
into  contact  with  metallic  iron,  which  precipitates  the  lead  in  the 
metallic  state.  After  washing,  the  purple  ore  is  quite  free  from 
lead  sulphate.  At  the  same  time  the  CaCl2  dissolves  the  last  traces 
of  copper  and  silver  present  as  CU2CI2  and  AgCl;  these  are 
precipitated  along  with  the  lead.  It  should  be  noticed  that 
sulphuretted  hydrogen  fails  to  indicate  the  lead  in  a  solution  of 
PbClg  in  CaClj  acidulated  with  HCl. 

Where  the  copper  is  precipitated  by  spongy  iron,  a  portion  of 
the  purple  ore  is  employed  for  preparing  the  latter. 

Copper-Kguor  obtained  by  lixiviation, — The  effect  of  the  lixivia- 
tion  is  best  seen  from  the  following  analyses  by  Gibb,  which  at 
the  same  time  illustrate  the  great  difference  of  work  between 
mechanical  and  hand-worked  furnaces : — 

Mechanical-  Hand-worked- 

Famaoe  Ore.  Furnace  Ore. 

^ A ^  ^ A ^ 

Copper,  Copper, 

Soluble  in  Water :  per  cent,  per  cent.        per  cent,  per  cent. 

Cupric  chloride 416  196               381          1*82 

Cuprous  chloride  none  *19            *12 

Cupric  sulphate 1*83  '81                none 

Ferrous  sulphate  *15  none 

Ferric  sulphate '75  none 

Zinc  sulphate 2-01  1-95 

Calcium  sulphate  1*29  1-39 

Sodium  sulphate   9-17  11*13 

Sodium  chloride    none  2*64 

Soluble  in  dilute  Hydrochloric  Acid: — 

Cuprous  chloride  015  -01                  '33            '21 

Cupric  oxide  '225  '18                I'Ol            '81 

^     .      \^         [  not  determined.  not  determined. 

Feme  oxide  J 

Residue  (by  difference) : — 

"  Purple  iron-ore '*    80-40  '08  7755  '11 

10000  304  10000         307 

Sodium  chloride  equivalent  to  sodium 
salU  asaboTe 7*56  11-81 
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The  composition  of  the  copper-liquor,  according  to  Gibb,  is,  in 
grains  per  litre : — 

From  hand-worked  From  mechuioi 

Furnaces.  Furnace*. 

Sodium  sulphate 1441  Sodium  sulphate  110^ 

Sodium  chloride 63*9  Sodium  chloride   41 

Chlorine  in  combination  "i  ^ 
with  heayy  metals j 

Copper    53-0  /Oupreou.  chloride .|^ 

L  Cupno  chloride vs 

Zinc 6-9  Zinc  sulphate lO"! 

Lead    06  Lead  sulphate   0-8 

Lx)n 05  Ferrous  sulphate  43 

Calcium  0*7  Calcium  sulphate Ml 

Silver  0O47     .  Silver  notestimaui 

At  Oker  the  process  was  formerly  carried  out  in  the  foUowiD? 
way  ^.  The  calcined  charge  is  lixiviated  in  parcels  of  5  tons  each. 
first  with  the  final  liquor^  which  is  always  regenerated  in  tk 
process.     100  parts  of  the  latter^  of  1*145  spec,  grav.,  contained  :- 

per  cent.  per  cent 

Cu 0015  CoO  +  NiO   ...  001 

Pb trace  CaO  012 

FeO    214  MgO     052 

FeA 0-15  Alkalies 2*61 

AIjOb 0-11  CI 2-56 

ZnO  0-06  SOa   5-89 

MnO 0-31  As-fSb trace 

Total  solids 14*495  per  cent. 

This  liquor^  already  heated  in  pumping  by  the  injector  to  50^  C 
is  further  heated^  when  it  comes  into  contact  with  the  calcined 
charge^  by  the  solution  of  the  anhydrous  salts^  of  course  also  br 
the  heat  of  the  charge  itself,  nearly  up  to  the  boiling-point,  by 
which  the  solution  is  assisted.  When  the  charge  is  perfeetlj 
penetrated  by  the  final  liquor^  the  outlet-tap  is  opened  and  fresb 
final  liquor  runs  in  as  long  as  the  copper-liquor  running  away 
the  bottom  still  shows  a  blue  colour.     This  first  period  lasts  four 

*  This  process  is  still  descrihed  here,  as  it  may  be  of  use  in  analo^^' 
cases ;  but  it  has  now  been  discontinued  at  Oker,  the  character  of  the  copp^ 
ores  having  changed,  so  that  they  cannot  be  subjected  to  the  wet-extracti^^ 
process. 


Cii 

3-71 

Fh.,. 

001 

Ab... 

0005 

Jii     . 

FejOa  +  AljOa 

029 

ZnO 

4-97 

MnO 

0'5S 

Total  >olidB 
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or  6ve  hoursj  and  furnislies  n  copper-liquor  of  1'355  spec,  grav., 
and  of  the  following  composition : — 

CoO  +  NiO   ...  0-04 

CaO  trace 

MgO 027 

Alkabes    10-60 

CI  12-56 

SOj   895 

As  +  Sb 0-32 


After  the  first  lixiviation  is  over,  the  dilute  condenser-acid,  first 
brought  to  boiling,  is  run  into  the  tanks  and  allowed  to  act  for 
twenty-four  hours;  then  it  is  run  off,  and  a  third  lixiviation 
effected  by  dilute  sulphuric  acid.  For  5  tons  of  ore  2^  cwt,  of 
chamber-acid  of  106°  Tw.,  diluted  to  12°  Tw.  and  heated  to  the 
boiling-point,  is  employed,  and  allowed  to  remain  in  contact  with 
the  ore  for  two  days,  or  until  the  liquor  acquires  a  neutral  reaction. 
Its  analysis  showed  : — 

per  cent-  per  cent. 

Cu    0-58  CaO  0-07 

AliOa-t-FejOj.    2-13  MgO 0-04 

ZnO 006  Alkalies    062 

MnO    0-12  CI 013 

CO  +  Ni  002  SO3    2-39 

Total  sobds 6*160  percent. 

The  first  copper-liquors  contain  most  of  the  silver,  and  are  there- 
fore kept  apart  from  the  later  liquors,  poorer  in  this  respect. 

The  cupric  chloride  is,  of  course,  easily  dissolved  in  the  final 
liquor  j  the  cuprous  chloride  in  the  presence  of  alkaline  chlorides  is 
also  dissolved  at  a  higher  temperature  without  difi&culty ;  lastly, 
cupric  oxide  should  be  converted  into  CuClg  and  CuaClg  by  the  FeClj 
of  the  final  liquor,  and  become  soluble  thereby  (2PeClj  +  3CuO  = 
FejOj-hCujClj  +  CuCIa) ;  but  this  could  only  be  done  by  an  inti- 
mate mechanical  mixtureof  the  liquor  with  the  ore;  audit  is  there- 
fore preferred  to  dissolve  merely  75  to  80  per  cent,  of  the  copper 
by  means  of  the  final  liquor,  and  the  remainder  by  further  lixivia- 
tions  with  dilate  acids.     In  fii^uniug's  paper  no  hint  is  given  iu 
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what  way  the  increase  of  impurities  in  the  final  liquor  is  prcTented. 
No  doubt  only  a  portion  of  it  is  taken  back  into  use  and  another 
portion  run  to  waste ;  so  that  there  must  always  be  a  partial  renewal. 

Glendinning  (E.  P.  8602,  1885)  converts  the  cuprous  chloride  ia 
the  liquors  into  the  cupric  salt  by  blowing  in  air,  in  the  presence 
of  at  least  2  molecules  of  free  HCl  to  one  of  salt,  together  whh 
not  less  than  3FeCl2  to  2CU2CI2.  [It  seems  certain  that  11 
consequence  of  this  process  the  solution  will  require  much  more 
iron  than  before.]  If  arsenic  be  present,  the  excess  of  free  HC\ 
is  to  be  removed  by  alkali  or  CuO  ;  in  this  case,  when  passing 
air  through  the  liquid,  most  of  the  arsenic  will  be  precipitated  m 
combination  with  Fe208. 

Rawson  (Chem.  News,  xlix.  p.  161)  describes  a  method  for  esr!- 
mating  cuprous  chloride  in  copper-liquors  by  means  of  potassium 
permanganate. 

Precipitation  of  the  Copper  from  the  Liquors. 

This  is  sometimes  preceded  by  a  special  treatment  for  obtaining 
the  silver,  which  will  be  subsequently  described.  The  precipitation 
of  the  copper  now  takes  place  everywhere  by  means  of  metallic 
iron,  since  the  ingenious  process  of  Gibb  and  Gelstharpe  has  beeu 
given  up  again.  The  latter  consisted  in  precipitating  the  copper 
by  sulphuretted  hydrogen,  which  was  recovered  at  a  later  sta^ 
of  the  process ;  the  precipitated  cupric  sulphide  was  washed  and 
pressed  in  a  filter-press,  and  smelted  in  furnaces  in  the  usual  way 
into  ''coarse  metal .^'  The  acid  mother-liquors  containing  the  whole 
of  the  sodium  sulphate  were  evaporated  to  dryness  in  a  furnace, 
mixed  with  small  coal  and  reduced  in  another  furnace ;  thus  a  mas^ 
containing  nearly  35  per  cent,  of  sodium  sulphide  and  2'4  percent, 
of  sodium  carbonate  was  obtained.  This  was  lixiviated  with  ho: 
water ;  the  solution  was  systematically  treated  with  impure  carbonic 
acid,  obtained  by  burning  coke ;  and  thus  on  the  one  hand  sulphu- 
retted hydrogen  was  given  off,  which  served  for  precipitating  the 
copper  in  the  first  stage  of  the  process  ;  on  the  other  hand  a  solution 
of  sodium  carbonate  was  obtained,  which,  after  evaporation  and  cal- 
cination, went  into  the  trade  as  soda-ash.  But  this  process  was  only 
applicable  to  the  liquors  obtained  from  the  mechanical  calcining- 
furnace  (that  is,  with  a  minimum  addition  of  common  salt);  foria 
the  liquors  from  the  ordinary  hand-worked  furnaces  there  would 
be  1  part  of  NaCl  to  each  4  parts  of  NaoS04,  which  would  furnish 
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a  very  weak  soda-ash.  This  very  ingenious  process  was  worked 
out  in  all  ita  details,  and  practically  carried  out  on  a  very  large 
scale,  at  the  Bede  metal-works ;  but  it  was  given  up  again,  partly 
because  the  carbonic  acid  was  too  dear,  and  partly  because  no 
furnace-bottom  could  be  constructed  fit  for  resisting  the  acid 
liquors  for  any  length  of  time ;  partly  also  because  the  quality  of 
the  soda-ash  was  too  unequal ;  and  finally  because  the  copper  was 
only  obtained  as  sulphide,  and  had  to  be  smelted  at  a  greater 
expense  than  that  precipitated  by  iron. 

For  this  latter  process  either  scrap  wrought  iron,  or  scrap  cast 
metal,  or  "spongy  iron"  reduced^from  the  residue  is  employed. 
Apart  from  the  latter,  the  thinnest  scrap  is  the  best,  such  as  the 
hoops  of  cotton  or  esparto  bales ;  but  as  light  scrap  is  generally 
somewhat  dirtier  than  heavy  scrap,  the  copper  from  the  former  is 
rather  more  impure  than  that  from  the  latter.  The  precipitation 
takes  place  in  wooden  tanks  exactly  of  the  same  kind  as  those  used 
for  lixiviation  and  furnished  with  a  steam-pipe.  They  are  filled 
with  scrap-iron ;  copper-liquor  is  run  upon  it,  and  steam  is  turned 
on  ;  the  heating  is  continued  till  a  bright  strip  of  iron,  held  in  the 
liquid,  no  longer  indicates  the  presence  of  copper  in  solution.  At 
Oker,  according  to  the  degree  of  concentration  of  the  liquors,  the 
boiling  takes  place  twice  or  three  times  before  all  the  copper  is 
thrown  down ;  the  process  lasts  from  one  to  ihree  days,  and  re- 
quires as  much  iron  as  the  weight  of  copper  produced,  which  proves 
that  a  large  portion  of  the  latter  must  have  l>eeu  in  solution  as 
Cu{Clg.  Once  a  month  the  precipitated  copper  is  removed  from 
the  tanks  and  washed. 

After  precipitation,  at  some  works  the  liquor  is  passed  through 
a  hair  sieve  in  order  to  separate  the  copper  present  in  a  fine  state 
o£  division  ;  the  copper  is  washed  off  the  residual  iron  by  a  jet  of 
water,  or  a  besom,  &c.,  and  left  to  settle  in  special  tanks.  At 
other  works  a  less  rough  arrangement  is  in  use,  viz.  round  tubs 
with  wooden  agitators,  an  annular  place  being  fenced  off  in  their 
upper  part  for  the  scrap-iron.  The  agitation  of  the  liquid  causes 
each  part  of  it  to  come  into  contact  with  the  scrap-iron  much  more 
quickly,  so  that  the  liquids  are  much  sooner  freed  from  copper  than 
in  the  process  first  described ;  besides,  the  precipitated  copper  is 
at  once  washed  off  the  iron  and  carried  along  with  the  exhausted 
liquor  into  settlers,  and  the  process  in  the  precipitating- tubs  started 
again  at  once,  after  adding  a  little  more  iron. 
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A  continuously  acting  apparatus  for  the  precipitation  of  copp^ 
has  been  constructed  by  Hauch  (Dingler's  Journal^  ccxxiii.  p.  286;. 
It  consists  of  a  cask  revolving  round  a  horizontal  axis^  provided 
with  ledges  inside  and  filled  with  iron-borings ;  copper-liquor  i$ 
let  in^  and  is  speedily  exhausted  by  the  rotation  of  the  cask^  tbe 
copper  being  at  the  same  time  washed  off  the  iron.  By  combining 
several  casks  and  systematically  allowing  the  liquor  to  run  into  that 
cask  which  has  been  working  the  longest  time^  it  is  possible  to 
obtain  a  continuous  supply  of  fresh  copper-liquor  and  a  contiDuoa^ 
running-off  of  exhausted  liquor  holding  the  copper  in  suspension. 
Another  continuous  copper-precipitating  apparatus  has  been 
described  by  Kerpely  {Wagner's  Jahresb.  1877,  p.  165). 

The  precipitation  takes  place  most  quickly  by  employing  ''  spongy 
iron"  as  is  done  at  the  Bede  metal-works.  This  product  is  made 
by  reducing  ferric  oxide  at  so  low  a  temperature  that  the  iron  can- 
not combine  with  carbon  and  cannot  melt,  but  remains  in  the  finely 
divided  state,  as  a  "  sponge.'*  This  method  (which  may  possibly 
at  some  time  play  an  important  part  in  the  metallurgy  of  iron  and 
steel)  was  tried  in  England  for  the  first  time  in  1837.  Bronac  aad 
Deherrypon  used  it  in  1859  for  the  precipitation  of  copper,  bat 
only  in  the  dry  way ;  but  Gossage  in  the  same  year  introduced 
the  spongy  iron  in  the  wet  method  of  copper-extraction.  Further 
patents  relating  to  this  subject  were  taken  out  by  Aas  in  1861  and 
by  Bischof  in  1862. 

Several  furnaces  have  been  proposed  for  this  purpose;  but  only  one 
of  them  is  in  use.  This  is  a  reverberatory  furnace  in  which  the  flame, 
after  having  passed  directly  over  the  charge,  returns  below  tbe 
furnace-bed,  and  thus  heats  the  charge  indirectly  from  below. 
Figs.  492  to  494?  show  all  the  essential  details  of  the  furnace.  I^ 
is,  in  the  drawing,  28  feet  9  inches  long ;  the  working-bed  has  a 
length  of  22  or  23  feet  with  a  width  of  8  feet.  Dwarf  walls,  a  fl, 
9  inches  high,  divide  it  into  three  compartments,  which  on  one  side 
have  two  working-doors,  b  b,  each.  Each  compartment  is  charged 
and  finished  by  itself.  The  working-doors  are  of  cast  metal,  and 
run  air-tight  in  frames  ;  the  same  is  the  case  with  the  fire-door. 
The  fireplace  is  constructed  with  a  view  of  generating  a  reducing 
flame ;  the  grate  has  a  surface  of  4  x  3  feet ;  and  the  bearers^  i 
are  3  feet,  latterly  even  4  feet  8  inches,  below  the  fire-bridge ;  ^ 
that  a  very  deep  layer  of  fuel  is  obtained,  which  does  not  allov 
any  oxygen  to  get  inside  the  furnace.     The  furnace-bed  is  formed 
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Fi-r-  495.  Fijr.  4fi3. 
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by  fire-tiles  4  incbes  thick,  with  rabbeted  edges,  partly  restiie 
upon  the  walla  forming  the  divisions  of  the  lower  flues,  parti; 
upon  railway-bars.  The  flame  having  travelled  through  tW 
flues,  descends  in  a  vertical  shaft  along  the  fire-bridge,  and  thenct 
goes  to  the  chimney.     In  this  descending  shaft  there  is  a  firecli; 

Fig.  4&i. 


damper,  which  is  closed  every  time  before  a  working-door  or  tire- 
door  is  opened.  The  9-inch  furnace-roof  is  surmounted  by  a  tlai 
cast-iron  dish,  c,  supported  by  short  pillars,  for  drying  the  ore  oni 
mixing  it  with  coal ;  tlie  mixture  is  charged  into  the  furnart 
through  the  6-iHch  pipes  /  carried  through  the  arch.  The  whoie 
furnace  rests  on  brick  pillars,  g ;  and  the  floor  on  the  workict 
side  must  be  so  much  higher  than  that  on  the  discharging  i^' 
that  the  discharging-boxes  can  be  run  underneath  the  fuman 
between  the  brick  pillars.  The  discharging  takes  place  tbrouj' 
6-inch  pipes.  A,  descending  in  front  of  the  working-doors  througt 
the  furnace-bottom  and  the  lower  flues. 

The  discharging- boxes  (figs.  495  &  496)  are  made  of  sheet-iron 
of  rectangular  section,  tapering  towards  the  top.  The  cover,  s,  '■ 
fast,  and  has  in  its  centre  a  6-inch  opening  with  upright  flange,  J 
by  which  the  box  is  connected  with  the  discharging- tube.  '^' 
bottom  of  the  box  is  movable,  and  turns  on  one  side  on  hiugt^ 
whilst  the  other  side  is  fastened  by  bolts  and  cotters.  The  opes'iB! 
in  the  cover  is  easily  closed  by  a  metal  plate.    The  whole  is  moant« 
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on  four  wheels  id  such  a  way  that  they  do  not  interfere  with  the 
movement  of  the  bottom.  Each  box  has  a  capacity  of  12  cubic  feet. 
When  the  furnace  is  at  a  bright  red-heatj  it  can  be  charged. 
Each  compartment  receives  a  charge  of  20  cwt,  dry  "  purple  ore  " 
and  6  cwt,  coals,  which  have  passed  through  a  sieve  with  eight 
holes  to  the  linear  inch.  As  mentioned,  the  charging  takes  place 
from  the  cast-iron  dish  above  the  furnace-roof.  The  fire*  and 
working-doors  are  closed,  so  that  the  air  enters  solely  through  the 
coals  OQ  the  grate,  care  being  taken  that  the  burning  mass  does 
not  become  hollow,  lest  uncomhined  oxygen  should  get  inside  the 

Fig.  49o.  FijT.  49C. 


furnace.  The  time  of  reduction  in  the  compartment  nearest  the 
fire-bridge  varies  from  9  to  12  hours  ;  in  the  second  it  is  about 
18  hours,  in  the  third  about  24  hours.  The  depth  of  the  charge 
lying  on  the  bed  is  about  6  inches,  Duriug  the  time  of  reduction 
each  compartment  must  be  turned  over  twice,  or  even  three  times. 
Although  duriug  this  time  the  damper  is  closed,  a  little  air  always 
enters  the  furnace ;  but  the  turning-over  is  indispensable,  as  the 
mass  would  otherwise  cake  together.  The  time  above  stated  refers 
to  a  bright  red-beat ;  a  low  red-heat  is  sufficient  for  reduction ;  and 
the  iron  thus  made  is  even  better  for  the  precipitation  of  copper ; 
but  as  in  this  case  much  more  time  is  required  for  reduction  (up 
to  60  hours),  this  style  of  working  does  not  pay.  The  fireplace 
being  so  deep,  fresh  coal  need  only  be  thrown  in  twice  or  three 
times  every  twelve  hours,  say  15  cwt.  for  a  ton  of  ore. 
The  completion  of  the  reduction  is  ascertained  by  testing.     A 
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small  sample  is  taken  out^  put  on  an  iron  plate,  covered  witb  i 
brick  till  it  has  become  cold^  and  1  gram  of  the  (nnoxidized)  oentTL 
part  tested  by  a  cupric  sulphate  solution  of  known  strtngi 
which  is  run  from  a  burette  on  to  the  spongy  iron  with  frequei: 
stirring ;  from  time  to  time  a  drop  is  put  on  a  bright  blade  o{\ki 
to  see  whether  any  stain  of  copper  is  produced  upon  it.  ^Vle: 
the  reaction  in  any  of  the  three  compartments  is  finished,  tl- 
damper  is  closed ;  two  of  the  discharging-boxes  are  run  undemea: 
the  furnace,  and  their  mouths  connected  with  the  discharging-pipe* 
by  an  iron  hoop  luted  with  clay ;  then  the  charge  is  raked  do^: 
into  the  boxes  as  quickly  as  possible.  The  boxes  are  then  do^^ 
with  the  loose  cover,  run  out  again,  and  allowed  to  cool  for  fory- 
eight  hours.  They  are  then  lifted  by  a  crane  and  the  cotters  sr 
knocked  out ;  whereupon  the  bottom  turns  upon  its  hinges  andi:^ 
whole  mass  of  spongy  iron  readily  falls  out,  owing  to  the  k 
tapering  upwards.  The  sponge  is  then  finely  ground  by  a  hea^ 
edge-runner  6  feet  in  diameter,  and  passed  through  a  sieve  with  filr^ 
holes  per  linear  inch  ;  it  is  now  ready  for  the  precipitation  u 
copper. 

Two  dififerent  materials  have  been  proposed  for  preparing  sponr 
iron,  viz.  pyrites-cinders  direct  from  the  chemical  works,  and  t^ 
'^purple  ore^'  of  the  copper-works  themselves.  The  followiL; 
analyses  of  average  samples  gives  a  clear  idea  of  the  chemii"- 
difference  between  them  : — 

Pyrites-cinders.        Purple  ore. 

per  cent.  per  cent. 

Ferric  oxide 781 5  9510 

Iron 376  

Copper 1-55  018 

Sulphur    3-62  007 

Cupric  oxide    270  

Zinc  oxide    047  

Lead  oxide   084  096 

Calcium  oxide 0*28  020 

Sodium  oxide 0*13 

Sulphur  trioxide 580  0*78 

Arsenic  pentoxide  0*25  

Siliceous  residue 1*85  213 

99-27  99-55 
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Both  Bischof  and  Crossage  proposed  the  direct  use  of  burnt  ore 
for  preparing  spongy  iron,  starting  from  the  apparent  advantage  of 
utilizing  its  copper  without  the  trouble  of  wet  extraction.  Unfortu- 
natelv,  however,  the  arsenic  contained  in  the  burnt  ore  remains 
in  the  spongy  iron,  gets  into  the  copper,  and  greatly  injures 
its  quality.  G.  Bischof,  indeed,  in  bis  patent  of  1862, 
asserts  that  arsenic  and  lead  volatilize ;  Gibb,  however,  admits 
this  to  be  the  case  only  for  the  lead  to  a  great  extent,  whilst 
arsenic,  being  present  mostly  as  arseniates  of  iron  and  copper, 
soon  forms  stable  arseniurets.  In  fact  the  spongy  iron  made 
direct  from  pyrites-ciuders  contains  nearly  as  much  arsenic  aa 
was  originally  present  in  the  cinders.  On  the  other  hand,  the 
purple  ore  only  retains  faint  traces  of  arsenic ;  it  is  therefore  ex- 
clusively used  for  spongy  iron  now.  The  following  is  an  analysis 
of  the  spongy  iron  made  in  the  above  way ; — 

Ferric  oxide 815  per  cent. 

Ferrous  oxide    2-40  „ 

Metallic  iron     : . . . .  70  40  „ 

Copper   0-24  „ 

Lead  0-27  „ 

Carbon  7-60 

Sulphur 107  „ 

Alumina    019  „ 

Zinc    0-30 

Siliceous  residue   9'00  „ 

99-62  „ 
According  to  a  later  patent  (E.  P.  8093,  1884),  Bischof  treats 
iron  oxide  with  "  water  gas,"  obtained  by  passing  steam  over 
incandescent  coke,  after  having  removed  any  steam  from  it  by 
cooling.  The  gas  is  strongly  heated  and  is  passed  into  the  Lower 
part  of  an  inclined  retort,  into  the  upper  end  of  which  the  ore  is 
fed,  and  allowed  gradually  to  descend  to  the  lower  part.  Here  it 
comes  in  contact  with  the  mixed  gases,  and  is  reduced  to  the 
metalhc  state  by  the  hydrogen  contained  in  them.  The  spongy 
iron  so  obtained  is  discharged  into  a  receptacle  and  cooled  before 
exposure  to  the  air.  The  remaining  gases,  deprived  as  they  are  of 
most  of  their  hydrogen,  are  still  combustible,  owing  to  the  CO 
present ;  they  are  met  in  the  upper  part  of  the  retort  by  air  and 
VOL.  I,  4  s 
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are  burnt,  thus  heating  the  iron  oxide  preliminary  to  its  contact 
with  hydrogen^  and  making  any  external  heating  in  most  case> 
unnecessary.     The  operation  is  carried  on  at  a  low  red-heat. 

When  spongy  iron  is  employed  for  the  precipitation  of  copper, 
continuous  stirring  is  required^  for  which  at  some  works  mechanical 
agitators  are  used^  at  others  manual  labour  ;  at  the  Bede  metal- 
works  an  india-rubber  hose^  through  which  a  blast  of  air  passes^  i$ 
moved  about  in  the  tank.  A  Korting's  blower  would^  no  doubt 
be  the  best  apparatus  for  this  purpose.  Perfect  mixture  is  thus 
obtained ;  and  the  precipitated  copper  only  contains  1  per  cent. 
metallic  iron,  with  a  great  saving  of  space^  apparatus^  and  labour, 
as  against  the  work  with  scrap-iron.  However,  the  greater  cheap- 
ness of  material  and  treatment  in  employing  spongy  iron  is  bought 
at  the  expense  of  a  greater  contamination  of  the  copper  by  un- 
reduced iron  oxides  and  carbon  ;  at  the  majority  of  works,  there- 
fore, scrap-iron  is  still  preferred.  This,  of  course,  depends  also  on 
the  local  price  of  the  latter. 

According  to  Bischof,  with  spongy  iron  the  arsenic  is  onlv 
precipitated  after  a  few  hours,  long  after  the  copper  has  been 
precipitated,  which  thus  remains  free  from  arsenic.  Gibb, 
however,  from  many  years'  experience  on  the  large  scale^  states 
that  he  never  found  any  trace  of  arsenic  in  solution  after  the 
copper  had  been  precipitated,  whichever  form  of  iron  or  solution 
of  copper  might  be  employed. 

The  composition  of  the  coppei'  precipitatedhy  the  yhnons  method:^ 
is  shown  by  the  following  analyses  (by  Gibb): — 


Precipitated  by 


Heavj'  Scrap.  Light  Scrap. 


Copper 

Arsenic 

Silyer 

Lead 

Ferric  oxide 

Carbon  

Silica 


per  cent. 

per  cent 

07-60 

7-250 

•137 

-306 

•Oil 

•046 

1-30 

2-(^0 

5J5 

4-41 

510 

3-20 

per  cent. 
67*50 
•100 
•066 
1-74 
7-56 


At  Oker  the  composition  of  the  copper  precipitated  by  scrap-iron 
and  dried  at  100°  C.  was  :— 


i 


COPPER 

Cu   77'45  per  cent, 

Pb   0-63        „ 

Ag   0-10 

Bi     0-006      „ 

As O-Oi 

Sb    015 

FejOj  6-72 

A1,0,   0-99 

Zn    1-03 

Mu 0-03 

Co+Ni    003 

CaO     010 

MgO  +  Alkalies 2-71 

SO, 4-58 

CI    119 

Insoluble  in  acids  0"61        „ 

Oxygen  +  moisture  (by  loss)  3'654      „ 

100-000 

Copper  precipitated  from  pyrites-cinders  made  at  the  Witkowitz 
works,  dried  at  100°,  was  composed  as  follows  (Schneider,  Fischer's 
Jahi««b,  1884,  p.  163)  !— 

Cu      ll'SOpercent.  1  together 

Co,0 65-31  „        J  69-45  Cu. 

Ag 0-521  „ 

Au traces 

Bi,Os 0-19  „ 

FcjO, 3-86  „ 

ZnO  0-45 

AsjO, 1-18  „ 

P,Ob  0-20  „ 

CuCl 0-32  „ 

Fed, 0-16 

CoCl, 0-29  „ 

NiCl, 0-07  „ 

AsCI, 1-32  „ 

Carried  forward 85171      „ 

4e3 
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Brought  forward 85'171  per  cent, 

PbS04  219 

Na^SO^ 3-39 

CaSO^  5-32 

MgS04 0-59 

HgO  2-98 


99-641 


This  product  is  either  sent  to  copper-smelting  works  or  smelted 

at  the  wet-extraction  works  themselves.     The  copper  precipitated 

from  the  aqueous  solutions^  if  kept  separate  from  that  from  the 

acid  solutions^  can  always  be  smelted  directly  for  blister-copper  by 

adding  to  it  lime  and  slags ;  the  copper  from  the  acid  solutions  is 

frequently  so  impure  that  it  has  to  be  mixed  with  raw  ore,  or  else 

with  soda-waste  and  slags^  and  smelted  for  ^^  coarse  metal^'^  which 

yields  blister-copper  only  after  a  second  roasting.    Finally  the  usual 

refining  takes  place.     At  other  works  both  precipitates  are  melted 

together^  being  charged  at  once  into  the  furnace  in  the  moist  state. 

The  slags  produced  in  this  operation^  containing  from  3  to  10  per 

cent,  of  copper^  are  utilized  by  smelting  them  for  coarse  metal  (in 

a  round  blast-furnace,  3  feet  wide,  with  four  tuyeres),  with  the 

addition  of  soda- waste  (calcium  sulphide  and  carbonate).     The 

mass  collects  in  a  well,  where  the  coarse  metal  separates  from  the 

slag,  and  the  slag  (a  ^'  singulosilicate  ")  continually  runs  off  into  a 

bogie.  In  order  that  such  furnaces  may  be  quickly  taken  down  when 

the  separated  iron  renders  the  smelting  difficult  or  impossible^  the 

upper  furnace-shaft,  together  with  its  jacket,  is  supported  on  iron 

pillars,  so  that  the  proper  smelting-shaft  up  to  a  height  of  5  or  6 

feet  stands  quite  free  within  the  pillars.     The  coarse  metal  here 

obtained  contains  about  30  per  cent,  of  copper,  and  is  worked  up 

in  the  usual  way  by  calcining-,  smelting,  and  roasting. 

The  furnaces  for  smelting  the  copper  precipitate  used  at  English 
wet-extraction  works  are  reverberatory  furnaces  of  the  well-known 
Swansea  type.  After  smelting,  the  slag  is  skimmed  off,  and  the 
copper  tapped  as  blister.  When  spongy  iron  has  been  used,  the 
excess  of  carbon  prevents  the  copper  from  being  melted  directly  to 
blister ;  therefore  about  one  half  of  the  precipitate  is  calcined  in 
large  calciners  similar  to  those  for  roasting  burnt  ores  with  salt. 
Here  the  carbon  is  burnt  off  and  the  copper  partly  oxidized ;  the 
calcined  precipitate  is  mixed  with  raw  precipitate  and  smelted,  as 
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»above,  for  blister.  The  blister-copper  is  refined  by  roasting  to 
oxidize  the  iron»  sulphur^  &c.^  followed  by  reducing  by  charcoal  the 
oxide  of  copper  produced  in  the  roasting^  and  poling  according  to 
the  method  usually  employed  by  the  copper-smelter. 

The  copper  produced  is  pure  and  tough.  It  takes  a  good  place 
as  a  marketable  article;  and  its  composition  in  comparison  with 
that  of  English  copper  made  by  the  ordinary  method  of  smelting 
may  be  judged  from  the  following  analyses  : — 


Copper  from  Wet    j     "  English  *'  Copper, 
Process.  Field's  Analyses. 


Silver -022 

Arsenic    '030 

Antimony none. 

Bismuth -006 


per  cent,    per  cent. 


Lead 


none. 


•016 

•170 

trace. 

•019 

•002 


B.S.        Tough, 
per  cent,    per  cent. 
•047 


•035 
•105 
•010 
•WJ5 


•090 

trace. 

•130 


none.  — 


The  complete  removal  of  the  arsenic  is  said  to  be  effected^ 
according  to  a  patent  of  BischoFs  (in  1862),  by  precipitation  with 
spongy  iron — according  to  a  patent  of  Down^s  (1870),  by  almost 
completely  neutralizing  the  copper-liquors  with  lime^  followed  by 
precipitation  with  scrap-iron ;  the  foreign  metals  are  said  to  remain 
in  solution  in  this  case  (?).  Gibb  declares  both  statements  to  be 
entirely  erroneous  (comp.  above,  p.  1154) ;  but  it  is  quite  possible 
that  in  Down^s  process  the  arsenic  is  removed  at  a  previous  stage, 
viz.  on  neutralizing,  as  ferric  arseniate. 

In  lieu  of  precipitating  the  copper  by  iron,  Weldon  (E.  P.  5607, 
1882)  proposed,  as  a  cheaper  process,  to  employ  waste  chloride  of 
calcium  from  the  Weldon  process  of  manganese  recovery  or  other 
operations,  which  produces  a  mixed  solution  of  copper  and  sodium 
chloride,  holding  calcium  sulphate  in  suspension.  The  latter  is 
to  be  separated  by  filtration,  and  the  copper  then  precipitated  by 
lime.  This  process  does  not  seem  to  have  found  practical 
application. 

It  is  unnecessary  to  say  that  the  copper  can  be  precipitated 
from  its  solutions  by  the  electric  current,  but  we  cannot  enter 
into  this  subject  in  the  present  treatise. 

Hopfner  (Germ.  pat.  66,096)  adds  to  the  copper-liquor  so  much 


J 158  BY-PRODUCTS  OF  MANUFACTURE. 

,,  NaCl  or  CUSO4  that  the  proportion  Na$S04  +  CuCl3  is  attained  ; 

then  he  adds  metallic  copper,  whereby  all  the  copper  is  precipitated 
as  cuprous  chloride^  together  with  the  silver  in  the  metallic 
shape.  From  the  mother-liquor,  sulphate  of  soda  is  recoverable. 
Other  modifications  are  also  proposed. 

Extraction  of  the  Silver  contained  in  Burnt  Pyrites. 

According  to  Phillips,  the  cupreous  pyrites-cinders  contain  on  the 
average  0*0027  per  cent,  silver  and  0*0001  per  cent.  gold.      These 
metals  on  calcining  with  salt  are  converted  into  chlorides  ;    and, 
owing  to  the  solubility  of  AgCl  in  NaCl,  the  silver  is  found  mostly, 
the  gold  at  least  partly,  in  the  liquors  obtained  by  lixiviating  the 
calcined  ore.     In  order  to  further  this,  Phillips  adds  some  more 
common  salt  in  the  lixiviating-tanks.     These  metals  are  now  re- 
covered  in  most  works  usually  by  theprocess  of  Claudet  (1871) .   This 
process  consists  in  precipitating  by  a  soluble  iodide  the  silver  from 
the  liquors  in  the  state  of  Agl,  which  is  quite  insoluble  in  solutions 
of  chlorides.     Only  the  first  three  liquors  (which  contain  95  per 
cent,  of  all  the  silver)  are  employed  ;  the  diluted  state  of  the  other 
liquors  would  make  the  recovery  of  the  silver  from  them  unpro- 
fitable.    The  liquors,  before  they  undergo  precipitation  with  iron, 
are  completely  settled,  run  into  a  gauged  tank,  and  their  contents 
of  silver  accurately  estimated  by  adding  to  a  certain  volume  hydro- 
chloric acid  and  a  solution  of  lead  acetate,  and  afterwards  potassium 
iodide.     The  precipitate  is  collected  on  a  filter,  washed,  dried,  and 
fused  with  a  flux  of  soda,  borax,  and  the  finest  carbon.     The  lead 
regulus  obtained  is  cupellated ;  and  from  the  weight  of  the  silver 
thus  obtained,  that  contained  in  the  liquors  is  computed.     To  the 
liquor  a  solution  of  potassium  or  zinc  iodide  of  known  strength  is 
now  added  in  sufficient  quantity  to  precipitate  all  the  silver ;    the 
iodide  solution  is  diluted  to  such  an  extent  that  it  amounts  to 
about  ^^  the  volume  of  the  liquid ;  the  precipitate  is  allowed  to 
settle  \  the  clear  liquor  is  tested  in  the  laboratory  to  see  if  all  the 
silver  is  thrown  down;    and  if  so,  it  is  run  into  the  tanks  for 
precipitating  the  copper,  where  it  is  treated  in  the  usual  way.     The 
quantity  of  iodide  employed  for  the  precipitation  is  much  larger 
than  that  corresponding  to  the  silver  present,  since  a  portion  of 
the  lead  is  thrown  down  as  Pbl2.     Probably  the  silver  is  precipi. 
tated  before  the  lead ;   but  as  it  is  not  possible  to  bring  all  the 
silver  contained  in  the  liquor  into  contact  with  the  iodide  before 


EXTRACTION  OP  SILVEE  lloi) 

the  latter  has  also  come  into  contact  with  molecules  o£  lead,  the 
precipitate  always  contains  a  good  deal  oE  lead ;  so  that  necessarily 
a  corresponding  excess  of  the  precipitant  is  required. 

The  precipitate,  coasiating  mainly  of  Agl,  Pblj,  and  PbS04 
(which  falls  down  on  the  liquor  cooling),  is  well  washed  with  water ; 
and  if  a  sufficient  quantity  of  it  has  been  collected,  it  is  treated  in 
the  moist  state  and  hot  with  metallic  zinc  and  a  little  hydrochloric 
acid.  Thus  the  Agl  and  Pblj  are  decomposed  completely,  the  PbSO, 
partly,  and  a  liquor  containing  zinc  iodide  is  obtained,  which  is 
employed  over  again  for  precipitating  argentiferous  liquors  in 
proportion  to  its  percentage  of  iodine.  On  the  other  hand,  a 
metallic  sponge,  mixed  with  pieces  of  zinc,  is  obtained  having  the 
following  composition : — 

Ag 5'95  per  cent. 

Au  0-06 

Pb    62-28 

Cu    0-60 

ZuO 15-46 

FcjOj  1-50 

CaO 110 

SOj 7-68 

Insoluble  residue     r75        „ 

Oxygen  and  loss 3"62         „ 

100-00 

This  is  sent  to  the  silver-works.  Usually  the  argentiferous  copper- 
liquor  is  lirst  mixed  with  the  solution  of  Znl,  obtained  in  reducing 
the  Agl  &c.,  and  the  last  portion  of  the  silver  precipitated  by  KI, 
A  certain  loss  of  the  latter  is  unavoidable,  whatever  care  be  taken. 
In  this  way  Phillips  obtains  about  two-thirds  of  the  total  silver 
contained  in  the  burnt  ore,  and  about  a  similar  proportion  of  the 
gold;  several  others  have  not  been  content  with  this,  and  have 
given  up  the  process,  probably  because  sometimes  on  calcining  with 
salt  too  much  CujCI^  is  formed  (its  quantity  varies  from  0  upon 
670CuCl,  to  0-62  Cu^CI,  upon  3  75  CuClj),  and  in  its  presence 
the  silver  seems  to  be  incompletely  precipitated  by  iodides.  At 
Phillips's  works  special  care  is  taken  to  avoid  the  formation  of 
cuprous  chloride ;  and,  perhaps  on  this  account,  Claudet's  process 
has  been  more  successful  there  than  elsewhere. 
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An  improvement  on  Claudet's  process  is  asserted  to  be  offered 
by  the  process  of  E.  L.  Mayer,  patented  in  1877.  The  copper- 
liquor  is  precipitated  with  a  solution  of  glue  and  KI ;  the  solution 
contains  very  much  copper  and  only  a  few  thousandths  per  cent, 
of  Ag.  After  the  precipitate  has  settled  down,  a  solution  oi 
tannin  is  added  and  a  little  more  precipitate  obtained.  The 
precipitates  are  washed  with  similar  dilute  acid  as  serves  for 
dissolving  the  copper-ores  in  order  to  remove  the  copper  they 
may  contain.  The  acid  is  neutralized  with  lime,  and  treated 
with  alkaline  sulphides  in  a  revolving  drum  till  all  iodine  is 
removed  ;  the  solution  containing  iodides  can  be  used  for  again 
precipitating  silver.  The  remaining  sulphides  of  lead,  silver,  &c. 
are  to  be  worked  for  silver.  The  addition  of  glue  and  afterwards 
of  tannin  has  for  its  object  to  conglomerate  the  extremely  finely 
divided  Agl  (of  which  otherwise  a  portion  would  escape  collection) 
into  a  larger  mass. 

Another  process  was  proposed  in  1873  by  W.  Gibb.     It  is  based 
on  the  observation,  that  if  a  copper  solution  containing  very  little 
silver  is  treated  with  sulphuretted  hydrogen,  by  far  the  largest 
portion  of  the  silver  is  thrown  down  as  Ag2S  with  the  first  portions 
ofCuS.     The  HjS  is  made  from  the  tank-waste  of  alkali-^orks 
by  treatment  with  dilute  hydrochloric  acid  in  wooden  vessels  ;  the 
hydrochloric  acid  enters  the  vessel  underneath  a  false  bottom  made 
of  boards  covered  with  furnace-slags,  and  runs  out  near  the  top 
completely  saturated.     The  vessels  need  not  be  air-tight,  as  the 
gas  is  aspirated  from  them  by  an  air-pump,  the  delivery-pipe  of 
which  is  provided  with  branches  for  every  one  of  the  precipitating- 
tanks ;  an  india-rubber  hose  conveys  the  gas  into  these,  and,  when 
moved  about  in  the  liquid,  sufficiently  agitates  it  by  the  escaping 
gas.     The  process  is  continued  until  as  nearly  as  possible  6  per 
cent,  of  the  copper  has  been  precipitated,  which  generally  takes  20 
minutes.     The  bulk  of  the  copper,  which  otherwise  shows  on  the 
average  18  ounces  of  silver  per  ton,  shows  after  this  treatment 
only  2  to  4  ounces.     The  6-per-cent.  CuS  precipitated  at  first, 
however,  contains  200  ounces  silver  per  ton.     The  dilution  of  the 
gas  by  air  seems  to  be  favourable  to  the  process.     The  precipitate 
is  allowed  to  separate  into  clear  liquor  and  denser  mud ;  it  i^ 
washed  several  times  by  decantatiouj  and  then  pressed  in  a  filter- 
press.      The  damp  sulphides  are  calcined  in  an  ordinary  calciner; 
the  product  contains  one-fourth  of  the  copper  as  sulphate^  the 
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remainder  as  oxide  or  oxychloride,  and  the  silver  Altogether  as 
chloride.  It  in  roughly  ground,  washed  with  water,  and  the  solution 
of  CuSOj,  which  only  contains  1  ounceof  silver  to  the  ton  of  copper, 
precipitated  as  usual.  The  residue,  mostly  CuO,  is  systematically 
extracted  by  hot  concentrated  solution  of  common  salt,  which 
dissolves  nearly  all  the  silver,  leaving  only  3  to  4  ounces  of  silver 
per  ton  of  copper  in  the  residue.  The  solution  containing  the 
silver  is  precipitated  by  milk  of  lime,  the  precipitate  washed  with 
water  to  remove  the  CaClj,  then  with  dilute  sulphuric  acid  to  dis- 
solve the  copper,  then  again  with  water,  and  leaves  at  last  a  residue 
containing  9  per  cent,  of  silver  as  AgCl,  worth  £700  per  ton.  It 
contains  besides  principally  the  siilphatea  of  calcium  and  lead. 
This  treatment  is  said  to  cost  9rf.  per  ton  of  burnt  ore,  and  to  yield 
about  ^  ounce  of  silver,  of  the  value  of  2s.  6d. ;  but,  in  this  shape, 
it  appears  to  have  been  given  up  again. 

Chadwick  and  Jardine,  in  1875,  patented  a  new  desilverizing 
process,  which  is  said  to  be  in  use  at  Henderson's  works  at  Irvine. 
The  copper-liquors  are  diluted  to  20°  or  25°  Tw.,  and  a  very  weak 
solution  of  lead  acetate  added,  which  is  equivalent  to  the  whole  of 
the  Ag,  As,  Sb,  and  Bi,  less  any  Pb  already  contained  in  the  pyrites. 
Usually  about  230  grams  of  brown  sugar  of  lead  per  ton  are  used. 
On  agitating,  a  light-yellow  precipitate  is  obtained,  consisting  of 
53  per  cent,  lead  sulphate,  5-6  per  cent,  silver  sulphate,  and 
3  ounces  of  gold  per  ton  of  precipitate  (say,  O'Ol  per  cent.) .  After 
thorough  washing]  the  gold  and  silver  can  be  obtained  by  smelting 
and  refining  in  the  usual  way.  The  copper  is  said  to  be  thus 
obtained  free  from  As,  Sb,  and  Bi. 

According  to  a  patent  of  Snelus  (1875),  finely  divided  iron 
dust  is  to  be  injected  by  a  blower  into  the  copper-liquors,  just 
sufficient  to  precipitate  19  per  cent,  of  all  the  copper;  this  is 
said  to  carry  down  80  per  cent,  of  all  the  silver  contained  in  the 
solution. 

A  new  patent  by  Phillips  {No.  3923,  Oct.  10,  1887)  prescribes 
mixing  the  copper  precipitate  with  common  salt  and  soda,  moist- 
ening with  water,  and  grinding  in  a  pug-mill  to  a  paste.  The  mass 
is  dried  and  calcined  in  a  reverberatory  furnace,  constantly  stirring, 
till  all  the  copper  has  been  converted  into  CuO  and  all  the  silver 
into  AgCl.  The  alkali  added  decomposes  any  volatile  copper  salt 
present,  and  almost  entirely  prevents  any  volatilization  of  silver 
during  the  calcining-process.     The  AgCl  is  Extracted  from  the 
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calcined  mass  by  treatment  with  a  hot  solution  of  common  salt. 
(This  ie  essentially  like  Augustin's  process  of  1840,  applied  to  tk 
extraction  of  silver  from  ordinary  ores.) 

Thilo  (Chem.  Zeit.  1886,  p.  822;  J.  Soc.  Chem.  Ind.  188* 
p.  548}  gives  special  prescriptions  for  estimating  the  very  smiL 
quantity  of  silver  (0008  to  0-008  per  cent.)  contained  in  pyrites- 
cinders. 

According  to  Clemmer  (Min.  Ind.  viii.  p.  202,  and  ix.  p.  SSi 
the  Claudet  process  has  been  entirely  given  up  in  the  Unitec 
States.  The  silver  and  gold  are  left  in  the  copper  cement,  and  ir. 
paid  for  at  95  per  cent,  of  their  value  by  the  electrolytic  refine^ 
as  well  as  by  the  blue-vitriol  works. 


IVaate  Liquors  from  the  Copper  E.vtraction. 

Uiilhaiion  of  the  sodium  sulphate  contained  in  the  tnoiber-tigteri 
from  the  predpilalion  of  copper. — We  have  mentioned  above  tbi 
process  of  Gibb  and  Gelatharpe  (p.  1146),  which  has  been  giw: 
up  again.  At  present  the  acid  mother-liquors  are  everywhere  k: 
run  into  the  rivers,  and  the  sodium  sulphate  contained  in  tbem  i- 
lost.  At  a  largecopper-worksforatime  a  process  was  employed  "j 
which  ferric  oside  was  simultaneously  obtained  of  great  purity  ai: 
fineness,  so  that  it  could  be  sold  on  the  lai^e  scale  for  red  [laini. 
The  acid  liquors  were  boiled  down  to  dryness  in  a  brick  furnace 
the  residual  mass  of  sodium  sulphate  and  chloride  and  iron  sai:- 
was  ignited,  and  ground  very  fine  under  edge-rollers ;  it  was  tbe. 
carefully  calcined  in  an  ordinary  calciuer  until  all  the  iron  sah- 
were  peroxidized.  The  mass  was  treated  with  hot  water  and  allowp. 
to  settle ;  the  ferric  oxide  deposited  only  required  washing  in  onle" 
to  become  marketable  as  Venetian  red.  The  solution  (coutainin: 
chiefly  NajSO,  and  NaCl)  was  concentrated  in  pans  by  means  c 
steam  circulating  in  a  worm,  an  agitator  preventing  the  salt  fro- 
adhering  in  crusts  to  the  bottom  and  sides  of  the  pan  and  to  tt 
worm.  At  a  concentration  of  137  to  1"40  sp.  grav.  nearly  all  ilt 
sulphate  was  found  to  be  separated  ;  the  liquor  with  the  suspendet 
salt  was  drained  off  the  precipitate,  which  was  washed  with  a  lin- 
hot  water  and  dried  in  a  furnace.  It  contained  only  about  |  pi' 
cent,  of  NaCI,  and  not  a  trace  of  iron ;  so  that  it  was  very  "t. 
adapted  for  glass-making.  The  high  price  of  coals  caused  tk' 
process  to  be  given  up  at  the  time ;   and  it  does  not  seem  to  hn 
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been  taken  up  again.  Probably  the  first  step,  viz.  the  evaporation 
o£  the  acid  liquors  in  a  brick  furnace,  would  present  the  same 
difficulties  as  io  Gibb's  process. 

Ellis  (J.  Soc.  Chera.  Ind.  1884,  p,  613)  proposed,  in  lieu  of  con- 
centrating the  liquors  by  heat,  to  do  so  only  partially,  and  then  to 
promote  the  crystallization  of  sodium  sulphate  by  cooling.  He 
mentions  no  trials  made  on  the  large  scale. 

E.  de  Cuyper  (G.  P.  53,261  and  54,131)  cools  the  liquor  down 
to  — 3°,  at  which  temperature  all  the  sulphate  of  soda  crystallizes 
out,  whilst  the  chlorides  of  iron,  zinc,  sodium,  &c.  remain  in 
solution  even  at  — 10''  C.  After  removing  the  Glauber's  salts,  the 
liquor  is  boiled  down  to  dryness  and  the  residue  is  calcined  ;  pure 
ferric  oxide  is  formed  and  is  freed  from  the  zinc  chloride  by 
lixiviation. 

Jurisch  (G.  P.  41,737)  seeks  to  utilize  the  waste  liquors  after 
extracting  the  copper  in  the  following  manner: — They  are  almost 
neutralized,  in  tubs  provided  with  mechauical  agitators,  by  means 
of  calcium  carbonate ;  air  and  steam  are  blown  through,  and  in 
the  same  ratio  as  ferric  sulphate  is  formed  milk  of  lime  is  added, 
without,  however,  allowing  all  the  acid  to  be  saturated.  When  all 
'  the  iron  has  been  precipitated  the  mud  is  run  into  the  settlers,  the 
clear  liquor  is  drawn  oflf,  and  the  deposit  is  passed  through  a  filter- 
jtress.  It  contains  some  ziuc  salt,  calcium  sulphate,  and  carbonate, 
and  can  be  made  richer  in  iron  by  employing  it  the  next  time  for 
the  saturation  of  fresh  liquor.  The  basic  sulphate  of  iron  thus 
'  formed  can  be  employed  for  making  sulphuric  anhydride,  oxide  of 
iron,  paint,  &c.  The  liquor  drawn  off  from  it  is  mixed  in  an 
agitator  with  enough  milk  of  lime  to  produce  basic  reaction  :  the 
zinc  hydroxide  precipitated  contains  some  basic  ferric  sulphate, 
manganese,  and  calcium  carbonate,  and  can  be  utilized  iu  a  suitable 
.    manner. 

According  to  a  communication  of  the  inventor  in  the  'Chem. 
.  Ind.'  1888,  p.  3,  50  cubic  metres  of  waste  liquor,  containing 
,  40  grams  ZuCI]  per  litre  (from  pyrites  containing  1*5  to  3  per 
cent.  Zn),  would  yield  by  his  process  806  kil.  ferric  oxide  mixed 
:  with  calcium  carbonate,  3600  kil.  ammonium  sulphate,  144t  kil. 
.}  zinc  oxide  (50  per  cent.  Zn),  3215  kil.  common  salt,  and  a  little 
:.  potassium  chloride.  This  is,  however,  only  derived  from  analyses 
i,  and  laboratory  trials,  as  Jurisch's  process  has  not  found  any  prac- 
, ,  tical  application.     It  will  be  interesting,  though,  to  quote  from  his 
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paper  the  composition  of  the  liquor  he  worked  with^  obtained  frc>ni 
the  Witkowitz  iron-  and  copper-works^  with  Hungarian  pyrites. 
1  litre  contained : — 

8*6  grams  free  HCl, 


730 

f> 

„    Na,S04, 

3-6 

t9 

»     K2SO4, 

16-9 

J> 

»    NaCl, 

40-3 

>f 

,.     ZnCl,, 

25-9 

}} 

„     Fed,, 

31 

ij 

„     FeCl,, 

6-4 

>> 

other  matters. 

He  also  gives  a  table  of  the  copper  and  zinc  percentages  of  1 
great  many  descriptions  of  pyrites. 

Wigg,  Steele,  and  Wigg  (E.  P.  13,722,  1884)  mix  the  waste 
liquor  with  waste  chloride-of-calcium  liquor  from  the  WeldoL 
process  in  equivalent  proportions,  when  a  white  bulky  precipitate 
of  calcium  sulphate  is  formed,  which  is  filter-pressed  and  sold  &^ 
"  pearl-hardening/'  The  filtrate  is  treated  with  milk  of  lime, 
which  precipitates  ferrous  hydrate,  and  this  is  oxidized  by  injection 
of  air  or  chlorine,  washed  in  a  filter-press,  and  furnaced  to  yiek 
paint  of  various  shades.  Another  patent  of  Wigg's  (5620,  of  1885 
prescribes  precipitating  the  iron  by  means  of  ammonium  sulphide, 
and  a  third  patent  (11,129,  1885)  describes  apparatus  for  these 
treatments. 

Bird^s  patent  (12,458,  1887)  seems  to  contain  no  essential  nev 
feature. 

Grabowski  (Germ.  pat.  71,917)  concentrates  the  liquor  br 
evaporation  and  crystallization  of  Glauber's  salt  to  spec,  gra^. 
1'56 ;  he  then  applies  to  them  an  electric  current  of  great  intensity, 
with  lead  and  copper  electrodes,  by  which  arsenic  and  antimoDj 
are  precipitated  as  metals  at  the  cathode. 

Brewer  (Eng'i.  pat.  No.  1348,  1895)  adds  to  the  liquor  a  suffi- 
cient quantity  of  calcium  chloride  solution,  separates  the  resulting 
solution  from  the  precipitated  calcium  sulphate  (pearl-hardening), 
y-emoves  the  silver,  and  afterwards  the  iron  by  calcium  carbonate 
(in  the  shape  of  ^^  caustic  mud"),  then  nickel,  cobalt,  and  man- 
ganese by  bleaching-powder.  This  treatment  practically  leaves 
only  the  chlorides  of  zinc  and  calcium  in  the  solution,  which  is 
electrolysed  in  order  to  obtain  metallic  zinc  and  free  chlorine. 
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Working-Results . 

At  the  Duiaburg  Works  (comp.  Hasenclever,  Berl.  Ber.  1896, 
p.  2862)  tlie  yield  from  1000  kil.  Rio-Tinto  pyritea-cindera  is 
610  kil.  purple  ore,  34  kil.  copper,  29'6  grama  silver,  and  0-1  gram 
gold.  As  the  sale  of  the  large  quantities  of  purple  ore  is  becoming 
difficult,  the  Duisbui^  Copper  Company  has  started  to  work  blast- 
furnaces of  their  ovn. 

Clemmer  (Min,  Ind.  viii.  p.  202)  gives  the  following  calculations 
of  the  cost  of  daily  treating  200  tons  of  mixture  of  cinders  and 
salts  at  Natrona  ; — 80  workmen  at  wages  from  S1'50  to  52*50, 
together  S134'75  ;  unloading  cinders  and  salt,  loading  purple  ore, 
S35  ;  21  tons  salt,  S63 ;  pyrites  fines,  $7  ;  20  tons  coal,  S20 ; 
5^  tons  sheet-iron  scrap,  S38'50  j  repairs,  depreciation,  manage- 
ment, S40 :  total  S338-25,  or  Sl-87  per  2000  lbs.  pyrites-cinders. 

Other  Copper-extractit^  Processes. 

P.  Spence  (comp.  Inspector's  Report,  1877-78,  p.  48)  burns  the 
pyrites  (finely  ground)  in  a  furnace  provided  with  mechanical 
stirrers  that  plough  up  the  ore  into  ridges,  making  a  change  of 
surface  every  2^  minutes  (comp.  p.  352].  He  asserts  that  in  this 
way  he  bums  three  tons  of  ore  in  a  furnace  in  a  day,  and  renders 
all  the  copper  soluble  to  0*24  per  cent.  ;  thus  he  is  able  to  wash 
out  the  copper  salt  and  avoid  the  subsequent  roasting  with 
common  salt.  As  much  as  46  per  cent,  of  sulphuric  acid  is  left 
in  the  ore,  rendering  the  copper  soluble. 

H.  &  Ch.  H.  Hills  (E.  P.  1621,  1878)  separate  the  coarse  and 
fine  portions  of  pyrites -cinders  by  sifting.  The  fine  portions  are 
calcined  with  salt  in  the  usual  manner ;  the  coarse  portions  are 
lixiviated  with  dilute  hydrochloric  or  sulphuric  acid,  and  the 
copper  is  precipitated  from  the  liquor  by  means  of  iron. 

A  very  similar  process  of  extracting  copper  from  pyrites-cindera 
has  been  described  by  Jetzler  (Dingler's  Journal,  ccxvii.  p,  478). 
He  worked  pyrites  from  Borsa-Bflnya,  in  Hungary,  containing  only 
l-Ol  Cu.  The  burnt  ore  decays  easily  on  lying  in  the  air ;  and  after 
sifting  off  the  not  decayed  core  through  a  sieve  with  10  meshes  to 
1  centim.  square,  the  copper  can  be  extracted  by  hot  weak  hydro- 
chloric acid  of  3''-4°  Tw. ;  probably  ferric  chloride  acts  here, 
chlorinating   the  lower  sulphides  of  copper,  and  being  reduced 
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to  FeCl2-  On  washing,  solutions  of  24°  Tw.  are  obtained^  which 
besides  copper,  contain  Ag,  Pb,  Al2(S04)g,  &c.  The  metals  wiere 
precipitated  by  scrap-iron  ;  and  the  precipitate  was  sold  to  a 
smelting-works  according  to  its  value  of  Cu  and  Ag.  The  proce» 
did  not  pay  very  well,  as  the  residue  could  not  be  used  as  ai 
iron-ore. 

Another  process  was  patented  (in  1873)  to  Baron  Ijeithner  i2 
Austria  (Dingler^s  Journal,  ccxi.  p.  349).  The  burnt  ore  (in  thi* 
case  containing  about  1  per  cent,  of  copper)  is  to  be  smelted  with 
36  per  cent,  calcium  hydrate  in  a  kiln  heated  by  the  waste  gas  o* 
a  blast-furnace ;  the  product  is  to  be  smelted  for  pig-iron,  which 
now  contains  2*09  per  cent.  Cu,  and  this  is  to  be  used  for  pre- 
cipitating copper ;  so  that  its  own  copper  is  utilized  as  well. 

Some  patents  of  Mason's  (Nos.  2984,  2992,  and  2993,  1877 
seem  to  contain  nothing  new  of  any  importance. 

The  whole  of  the  processes  connected  with  the  wet  extraction  o: 
copper,  as  far  as  published  up  to  the  end  of  1878,  and  including 
many  proposals  or  actually  employed  processes  not  mentioned  here 
(because  they  do  not  refer  specially  to  the  treatment  of  pyrite>- 
cinders  from  sulphuric-acid  works),  are  described  in  a  condensed 
form  by  Bode  (Dingler's  Journal,  ccxxxi.  pp.  254,  357,  428). 

The  patents  of  Hargreaves  and  Robinson  (E.  P.  5601, 1886,  and 
3704,  1887)  for  extracting  gold,  silver,  and  copper  from  pyrites 
can  be  only  briefly  mentioned  in  this  place. 

Mr.  John  Hargreaves  informs  me  of  the  following  results, 
obtained  in  1887  by  this  process.  He  treats  the  pyrites-cinders. 
obtained  in  the  usual  manner,  in  a  closed  chamber  with  fire-gase? 
and  excess  of  air,  in  order  to  burn  all  the  residual  sulphur ;  the 
mass  is  allowed  to  cool  down  to  the  point  were  no  cupric  chloride 
can  be  volatilized,  and  is  then  treated  with  gaseous  HCl  till  it  i< 
sufiSciently  decomposed.  It  is  then  lixiviated  with  water  in  tanks, 
after  being  moistened  with  strong  hydrochloric  acid ;  the  residual 
ferric  oxide  is  obtained  in  lumps,  which  are  immediately  ready  for 
the  blast-furnace. 

The  cinders  originally  employed  contained,  according  to  the 
size  of  the  grain,  from  1*00  to  1'09  per  cent.  Cu  in  a  shape  soluble 
in  water,  0*71  to  1*09  soluble  in  hydrochloric  acid,  1*61  to  2'79 
insoluble.  They  were  passed  through  a  sieve  with  7  meshes  per 
linear  inch,  and  chlorinated  as  above  described.  The  average  from 
the  upper  part  of   the  chamber   then  tested  3*90  per  cent.  Cu 
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soluble  in  water,  Ofi3  soluble  in  weak  hydrochloric  acid,  0'5(> 
insoluble  ;  from  the  lower  part  of  the  chamber  351,  077,  and 
028  per  cent,  respectively.  The  treatment  for  burning  the 
residual  sulphur  lasted  from  26  to  96  hours,  the  chloriaation 
from  24  to  72  hours.  The  liquors  contained  pretty  much  silver 
and  a  little  gold;  the  washed  residue  contained  only  08  to  0'12 
per  ceDt.  copper.  (I  am  not  aware  whether  this  process  is  now 
actually  at  work  or  not.) 

Chase  {G.  P.  120,277)  mixes  ground  pyrites-cinders  with  a 
little  carbonaceous  material,  roasts  the  mixture  at  a  full  red-heat 
with  access  of  air,  mixes  the  product  with  a  quantity  of  salt 
corresponding  to  the  amount  of  copper  pi'csent,  and  then  continues 
the  process  in  the  ordinary  way. 

Treatment  of  very  poor  Cupreous  Cinders. 

The  case  now  occurs  much  more  frequently  than  formerly,  that 
ores  containing  only  one  or  two  per  cent,  of  copper  are  burned. 
In  such  cases  the  cinders  are  too  poor  to  apply  the  treatment 
described  aljove,  pp.  1117  el  seq.,  beginning  with  roasting  the 
ground  cinders  with  salt ;  on  the  other  hand  there  is  too  much 
copper  left  in  them  to  meet  the  demand  of  the  iron-smelter.  To 
overcome  this  difficulty  the  acid  treatment,  mentioned  in  some  of 
the  processes  described,  p.  1165,  is  applied.  Frequently  the  cinders 
are  previously  exposed  to  the  air  for  some  time,  in  order  to  render 
some  of  the  copper  soluble  in  water ;  sometimes  they  are  put  in 
the  leaching-vats  quite  fresh  and  warm.  It  depends  upon  the 
nature  of  the  ore  which  of  these  two  ways  is  preferable,  and  it 
must  be  found  by  experience  in  every  practical  case. 

The  acid  treatment  takes  place  in  lead-lined  wooden  boxes, 
provided  with  a  false  bottom,  and  is  carried  on  as  desciibed, 
pp.  1139  et  seq.,  beginning  with  weak  hquor  from  a  previous 
operation,  to  which  is  added  a  little  sulphuric  acid,  two  or 
three  per  cent,  of  the  weight  of  the  cinders.  This  acid  liquor  is 
left  in  contact  with  the  cinders  for  two  days ;  the  strong  liquor 
thus  formed  is  then  run  off  into  the  precipitating-tank  and  is 
replaced  by  weaker  washings  and  ultimately  by  fresh  water,  so  that 
the  operation  is  Gaisbed  in  seven  or  eight  days.  The  weak  washings 
formed  are  pumped  back  into  other  leaching-tanks  by  means  of 
injectors.     The  copper  is  precipitated  in  lead-lined  vats  by  means 
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of  scrap-iron,  suspended  in   wicker  baskets  or   otherwise,  i 
temperature  of  50°  or  60°  C.     The  precipitated  copper  mudk-l 
to  iron-smelters,  or  is  roasted  into  oxide  in  reverberatory  fci 
and  dissolved  in  hot  weak  sulphuric  acid,  to  manufacture  rri 
sulphate. 

By  this  treatment  it  is  hardly  possible  to  extract  all  the  ec :  J 
but  sufficiently  so  to  render  the  cinders  fit  for  the  blast-funai 

General. 

According  to  Hunt's  ^  Mineral  Statistics '  for  1874,  p.  65,  :i 
existed  in  Great  Britain  in  that  year  22  copper-works  for  i 
extraction,  which  together  consumed  329,000  tons  of  buni:i 
(say,  equal  to  450,000  tons  of  pyrites).  Two  of  them  a 
sulphate  of  copper;  three  went  as  far  as  refined  copper; 
others  sold  their  precipitate  to  copper-smelting  works.  Tk  :i 
production  of  copper  from  this  source  in  1874  amounted  lol^ 
tons.  In  1882  the  quantity  of  burnt  ore  worked  for  copper' 
434,427  tons,  containing  15,300  tons  of  copper. 

On  laying  out  a  copper-extraction  works  the  levels  n]c>: 
carefully  attended  to,  so  that  the  very  large  quantities  of  ji 
substances  and  liquors  may  be  easily  moved  about.  AtOi 
Hebbum,  &c.  all  the  apparatus  are  arranged  at  differeui  ie^ 
The  design  of  the  Oker  works  has  been  published  by  Bii^^ 
(comp.  the  quotation  on  p.  1118).  The  top  level  is  occupied 
the  charging-loft ;  to  which  the  burnt  ore  and  the  salt  are  brrq 
by  bogies ;  attached  to  it  are  two  edge-runners,  each  of  '^ 
grinds  daily  15  tons  of  ore  and  2  J  tons  of  salt  down  to  a  sui 
2  millims.  The  mixture  is  taken  by  bogies  to  the  fun-^ 
situated  at  a  little  lower  level ;  the  furnaces  are  heated  b)  i 
producers,  situated  still  lower  down.  Below  the  furnaces  u 
follow,  at  three  descending  levels,  the  lixiviating-tanb, 
precipitation-tanks,  and  cisterns  for  the  '^  final  liquor,  -' 
which  it  is  pumped  up  again  by  injectors  and  used  for  lixi"^ 
fresh  ores. 
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CHAPTER  XIV. 


APPLICATIONS  OF  SULPHURIC  ACID  AND  STATISTICS. 

Tbe  prindpal  appHcaiiont  of  salphnric  acid  are  the  following : — 

I.  In  a  more  or  less  dilute  state  (sayfrom  l44°Tw.  downwards). 
For  making  sulphate  of  soda  (salt-cake)  and  hydrochloric  acid, 
and  therefore  ultimately  for  soda-ash,  bleaching.powder,  soap, 
glass,  and  innumerable  other  products.  Further,  for  soperphos- 
phates  and  other  artificial  manures.  These  two  applications 
probably  cousume  nine-tenths  of  all  the  sulphuric  acid  produced. 
Further  applications  are  : — for  preparing  sulphurous,  nitric,  phos- 
phoric, hydrofluoric,  boric,  carbonic,  chromic,  oxalic,  tartaric,  citric, 
acetic,  and  stearic  acids  ;  in  preparing  phosphorus,  iodine,  bromine, 
the  sulphates  of  potassium,  ammonium,  barium  {blancfixe),  calcium 
{pearUhardening) ;  especially  also  for  precipitating  baryta  or  lime 
as  sulphates  for  chemical  processes;  sulphates  of  magnesium, 
aluminium,  iron,  zinc,  copper,  mercury  (as  intermediate  stage  for 
calomel  and  corrosive  sublimate) ;  in  the  metallurgy  of  copper, 
cobalt,  nickel,  platinum,  silver ;  for  cleaning  (pickling)  sheet-iron 
to  be  tinned  or  galvanized ;  for  cleaning  copper,  silver,  &c. ;  for 
manufacturing  potassium  bichromate ;  for  working  galvaaic 
cells,  such  as  are  used  in  telegraphy,  in  electroplating,  &e. ;  for 
manufacturing  ordinary  ether  and  the  composite  ethers ;  for 
making  or  purifying  many  organic  colouring-matters,  especially 
in  the  oxidizing  mixture  of  potassium  bichromate  and  sulphuric 
acid;  for  parchment  paper;  for  purifying  many  mineral  oils, 
and  sometimes  coal-gas ;  for  manufacturing  starch,  syrup,  and 
sugar ;  for  the  saccharification  of  com ;  for  neutralizing  tbe 
alk^ine  reaction  of  fermenting  liquors,  such  as  molasses;  for 
efi'ervescent  drinks ;  for  preparing  tallow  previously  to  melting  it ; 
for  recovering  the  fatty  acids  from  soap-ands  ;  for  destroying  vege* 
table  fibres  in  mixed  fabrics ;  generally,  in  dyeing,  calico-printing, 
tanning,  as  a  chemical  reagent  in  innumerable  cases ;  in  medicine 
against  lead-poisoning,  and  in  many  other  cases. 
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II.  In  a  concentrated  state.  For  manufacturing  the  &tty 
by  distillation ;  purifying  colza  oil ;  for  purifying  bensene,  petro- 
leum^ paraffin  oil^  and  other  mineral  oils ;  for  drying  air,  especialij 
for  laboratory  purposes^  but  also  for  drying  gases  for  manufacturing 
processes  (for  this,  weaker  acid  also,  of  140^  Tw.,  can  be  used) ;  fcr 
the  production  of  ice  by  the  rapid  evaporation  of  water  in  \ 
vacuum ;  for  refining  gold  and  silver,  desilvering  copper,  &c. ;  for 
making  organo-sulphonic  acids  ;  manufacturing  indigo  ;  preparic^ 
many  nitro-compounds  and  nitric  ethers,  especially  in  manfacturing 
nitro-glycerine,  pyroxyline,  nitro-benzene,  picric  acid,  and  so  fortli. 

III.  As  Nor  dhausen  fuming  oil  of  vitriol  [anhydride) .  For  mana- 
facturing  certain  oigano-sulphonic  acids  (in  the  manufacture  m 
alizarine,  cosine,  indigo,  &c.)  ;  for  purifying  ozokerite  ;  for  making 
shoe-blacking ;  for  bringing  ordinary  concentrated  acid  up  to  the 
highest  strength  as  required  in  the  manufacture  of  pyroxyline  aii<^. 
other  purposes. 

Statistics. 

Ihave  calculated  the  production  and  consumption  of  sulphuricadd 
in  the  United  Kingdom^  mostly  from  official  sources  (Chem.  Ind. 
1884,  p.  213),  on  the  following  basis  : — From  the  amount  of  pyrite 
imported  follows  the  total  quantity  of  acid  made  on  the  basis  of 
130  H2SO4  for  each  100  pyrites.  The  quantity  of  salt  decomposed, 
taking  7  salt =4  pyrites,  or  100  salt  =  75  HsS04,  gives  the  quan- 
tity of  acid  decomposed  for  this  purpose.  The  remainder  will  hare 
been  used  mostly  for  manure-making,  taking  the  acid  used  for 
other  purposes  as  being  derived  mostly  from  brimstone.  All  add 
is  calculated  as  monohydrate. 


Year. 


1878 
1879 
1880 
1881 
1882 
1883 


Acid  made 
from  pyrites. 


tons. 
747,900 

716,625 

771,771 

736,797 

806,793 

815,674 


Used  for 

decomposiDg 

salt. 


tons. 
417,406 

445,265 

501,612 

475,724 

472,151 

484,252 


Pyrites-aoid 

used 
otherwise. 


tons. 
330,494 

271,860 

270,152 

261,073 

334,642 

331,322 


Brimstone- 
acid  made. 

Total  afiid 
made. 

tons. 
124,271 

tons. 
872,171 

126,884 

843,509 

133,653 

905,424 

115,599 

852.396 

134,742 

941,535 

125,064 

940,638 

These  statistics  are  probably  wrong  in  an  important  part,  vii. 
the  amount  of  brimstone-acid  made.  Owing  to  the  total  want  of 
information  on  the  quantity  of  brimstone  burnt  for  acid-making, 
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I  assumed  all  the  brimstone  imported  into  England  to  be  used  for 
this  purpose,  leaving  the  sulphur  recovered  from  alkali-waste  and 
otherwise  produced  in  England  for  the  remaining  uses  (lucifer- 
matches^  gunpowder^  &c.)-  ^^^  ^^is  is  probably  allowing  far  too 
much,  for  in  the  25th  Alkali  Report  (for  the  year  1883),  where 
for  the  first  time  the  quantity  of  brimstone  bamt  for  sulphuric 
acid  is  mentioned,  it  is  stated  »  17,925  tons,  which  would  yield 
about  51,300  tons  of  H2SO4.  Hence  the  quantity  of  brimstone- 
acid  in  the  foregoing  table  should  be  reduced  by  about  70,000  tons 
per  annum,  and  that  of  the  total  acid  made  by  the  same  figure. 

The  number  of  sulphuric-acid  works  under  Government  inspec- 
tion in  England  and  Ireland  in  the  year  1889  amounted  to  221, 
including  those  in  which  the  acid  was  entirely  used  up  at  the 
works  themselves  for  alkali,  manure-making,  &c.  In  Scotland  this 
number  was  32.  In  1899  the  figures  were,  175  works  in  England 
and  Ireland,  24  in  Scotland ;  in  1901,  172  works  in  England  and 
Ireland,  24  in  Scotland.  Only  2  of  these  worked  the  contact- 
process. 

There  are  no  direct  statistics  for  the  production  of  sulphuric 
acid  in  the  United  Kingdom  obtainable,  but  we  can  come  pretty 
near  the  truth  by  utilizing  the  figures  for  the  production  and 
importation  of  pyrites  given  on  p.  42.  We  cannot  estimate  the 
quantity  of  acid  made  from  brimstone,  native  or  recovered,  zinc- 
blende,  spent  oxide  of  gas-works,  and  from  H^S  in  the  manufacture 
of  sulphate  of  ammonia,  which  must  altogether  amount  to  a  con- 
siderable quantity,  but  not  very  large  in  comparison  with  that  made 
from  pyrites.  Assuming  a  yield  of  134  parts  real  HJ1SO4  from  an 
average  Spanish  pyrites,  and  taking  account  of  the  difference 
between  the  metric  and  English  ton,  we  arrive  at  the  following 
figures  for  pyrites-acid,  expressed  as  real  H2SO4,  made  in  Great 
Britain  : — 

Year.  Tons.  Year.  Tons. 

1888  820,200       1895  781,400 

1889  864,600       1896  789,300 

1890  880,400       1897  835,500 

1891  873,800       1898  877,800 

1892  811,000       1899  989,800 

1893  822,300       1900  992,400 

1894  826,300 

4f2 


1172  APPLICATIONS  OP  SULPHURIC  ACID. 

The  quantity  of  brimstone-acid  vill  be  hardly  larger  than  in 
1883,  f .  e.  about  50,000  tons,  and  the  acid  made  from  other  sources 
may  furnish  another  50,000  tons  or  more. 

The  official  statistics  gave  the  following  for  the  production  of 
sulphuric  acid  in  Germany  : — 

In  the  year  1879  185,106  tons 

1882  286,953    „ 

1885  343,294     „ 

1886  325,722    „ 

1887  347,529     „ 

„  1888  399,938    „ 

1890  460,081  „ 

1891  512,100  „ 

1892  538,500  „ 

1893  575,800  „ 

1894  617,900  „ 

1895  608,900  „ 

1896  668,900  „ 

1897  768,200  „ 

1898  768,243  „ 

„  1899  832,667  „ 

„  1900  849,900  „ 

„  1901  856,827  „ 

These  figures  are  unfortunately  of  very  little  value ;  up  to  1881 
they  comprise  only  the  acid  made  in  metallurgical  establish ment«. 
after  that  the  total  acid,  including  that  used  up  at  the  works  for 
alkali-making,  superphosphates,  &c.  Up  to  1886  ^^Englischf 
Schwefelsaure,"  calculated  as  acid  of  140°  Tw.,  and  Nordhausen 
O. V.  were  enumerated  separately ;  from  1887  the  figures  do  no: 
distinguish  between  acid  of  106°,  140°,  168°,  and  Nordhauser 
acid ! 

The  production  of  sulphuric  acid  in  Germany  has  been  prettj 
accurately  estimated  by  Hasenclever  (Chem.  Ind.  1884,  p.  78)  for 
the  year  1 882  as  follows : — 


.J 
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Sulphuric  add  of  Equ&l  to 

142°  Tw.  nude.  H,aOj. 

Ote  lued.                        tons.                       tons.  toiu. 

German  pyrites 130,892               183,249  142,934 

Spaniah  pyrites  55,000                 90,750  70,785 

Hungarian,  Norwegian, 

&o.  pyrites 9,000                 13,950  10,881 

Mixed    ores    at   Oker, 

Freiburg,  Mansfeld  .           ...                    40,200  31,356 

Zinc-blende 30,000  23,400 

358,149  279,856 

The  same  nutlior  (Chem.  Ind.  1899,  p.  25)  quotes  the  German 
production  in  1898  as  follows  : — 

Acid  of  142°  Tw. 

Made  from  55,183  tons  German  pyrites...     80,015 
„  332,004    „     foreign        „      ...  671,046 

„     zinc-blende    136,868 

„     at    Freiburg,   Oker,  and   Mansfeld 

from  mixed  ores    50,738 

„     from  gas-oxide     6,91 5 

846,582=659,554  tons 
real  HjSO*. 

This  is  estimated  on  the  basis  of  a  yield  of  143  parts  acid  142°  Tw, 
on  100  parts  German  pyrites,  or  172  on  100  Spaniah  pyrites. 

In  1900  the  importation  of  salphuric  aeid  into  Germany  was 
20,634  tons,  the  exportation  37,738  tons.  In  1902,  22,205  tons 
were  imported,  477,666  tons  exported. 

The  quantity  of  fuming  sulphuric  acid  produced  in  Germany  is 
stated  =  4685  tons  in  1897,  14,092  tons  in  1898,  19,526  tons  in 
1899;  but  this  seems  to  include  only  that  acid  which  came  into 
the  market,  not  that  used  up  in  the  factories  themselves  for  the 
manufacture  of  tar-colours,  &c. 

Since,  in  1901,  488,632  tons  pyrites  were  imported  into  Ger- 
many, or  166,000  more  than  in  1898,  we  may,  on  the  assumption 
that  the  other  raw  materials  did  not  undergo  an  essential  change, 
estimate  the  quantity  of  real  H1SO4  made  in  Germany  in  1901 
=  878,000  tons.  This  equals  the  production  of  the  United  States, 
and  nearly  approaches  that  of  the  United  Kingdom. 
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In  1900  there  existed  in  Germany  75  sulphuric-acid  worb. 
17  of  which  made  acid  only  as  a  secondary  product.  The  number 
of  men  employed  was  3798.  Upwards  of  ten  factories  worked 
the  contact-process. 

France  in  1867  made  90,000  tons,  in  1877  150,000  tons,  in  18^ 
234,000  tons  acid  (what  strength?),  in  1899  (Monit.  Scient.  19G0. 
p.  561),  in  54  works,  about  800,000  tons  acid  of  52®  B.  =  492,000 
tons  H,S04*. 

The  Soci^t^  St.  Gobain  now  has  17  works  in  France  and  1  il 
Spain.  The  15  works  already  existing  in  1899  possessed  250,OOCi 
cub.  metres  chamber-space  (= nearly  9  million  cubic  feet),  aDC 
produced  480,000  tons  sulphuric  acid  (chamber-acid).  It  ha£ 
22  platinum  stills  of  a  value  of  £120,000. 

Austria  in  1902  imported  12,460  tons  sulphuric  acid,  and 
exported  9451  tons.  In  1902  four  works  had  introduced  tbe 
contact-process.  The  total  amount  of  sulphuric  acid  manufactured 
was  about  200,000  tons,  strength  not  mentioned  (Z.  angew.  CL 
1908,  p.  215). 

Belgium  in  1899  produced  210,000  tons  acid  of  60°  B.= 
164,000  tons  H3SO4.  About  60  per  cent,  of  this  was  made  fron: 
blende,  40  per  cent,  from  pyrites. 

Italy  in  1879  possessed  10  sulphuric-acid  works,  most  of  them 
of  small  size,  producing  7140  tons  of  acid  of  106°,  2210  tons  of 
172°,  and  2520  tons  of  168°  Tw. ;  say,  altogether,  9883  tons  H^SG^. 
Since  that  time  the  production  of  sulphuric  acid  has  very  largely 
increased.  In  1895  Candiani  (Chem.  Ind.  1895,  p.  153)  stated 
the  total  chamber-space  of  the  Italian  factories  =  108,000  cubic 
metres,  which,  if  they  were  fully  at  work,  would  be  equal  to 
a  production  of  at  least  65,000  tons  H2SO4  per  annum.  A  state- 
ment by  Chiaraviglio,  '^  from  official  sources,*'  according  to  whicl 
Italy,  in  1900,  produced  220,000  tons  acid,  calculated  as  H^SG^. 
seems  very  doubtful. 

According  to  Zsch.  f.  angew.  Ch.  1903,  p.  117,  there  was 
produced  in  Italy : — 


Sidphuric  acid  (strength  not  stated) 

Sulphur  dioxide  (liquid)    

Nitric  acid 


In  1900. 

In  1901. 

tons. 

tons. 

229,555 

235,172 

1-4 

13-5 

2,071 

2,069 

*  This  estimate  is  probably  too  high,  looking  at  the  figures  for  productisL 
importation,  and  exportation  of  pyrites  g^ven  p.  50. 
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Russia  produced,  according  to  official  iuformatioii  (Chem.  Ind. 
1900,  p.  542),  in  1899  about  100,000  tons  sulphuric  acid  from 
50,000  tons  pyrites  (about  12,000  tons  of  which  was  mined  in 
Russia]  and  16,500  tons  sulphur.  G-reat  part  oi  this  is  made  at 
Baku  for  the  chemical  treatment  of  petroleum  products.  The 
importation  of  sulphuric  acid  from  other  countries  is  but  slight ; 
about  500  tons  in  1894,  280  tons  in  1895,  220  tons  in  1896, 
165  tons  in  1887. 

The  import  duty  for  ordinary  sulphuric  acid  is  22  kopeks  (gold) 
per  pud  =  about  £2  3a.  per  ton*.  The  selling-price  varies  from 
075  to  1"00  rubel  per  pud  for  strong  acid,  about  060  rubel  for 
chamber-acid,  0*40  rubel  for  "  black  acid  "  {recovered  from  the 
acid-tar  of  petroleum  refineries  by  diluting  with  water,  removing 
the  tar,  and  concentrating  the  aqueous  portion  by  evaporation). 

According  to  Chem.  Zeit.  1901,  p.  313,  formerly  all  sulphuric 
acid  in  Russia  was  made  from  Sicilian  sulphur,  of  which  even  in 
1898  16,000  tons  were  imported.  Now  the  pyrites  found  in  the 
Ural  Mountains,  containing  up  to  7  per  cent,  copper,  has  lai^ly 
come  into  use.  Of  this  16,000  tons  is  obtained  per  annum, 
and  another  33,000  tons  is  imported  from  Scandinavia  and  Spain. 

Fedetijew  (Zsch.  angew.  Chem,  1902,  p.  865)  estimates  the 
Russian  consumption  of  Sicilian  sulphur  at  20,000  tons  per 
annum,  of  Russian  pyrites  at  80,000  tous;  in  1901  73,600  tons 
pyrites  were  imported  from  Spain,  Portugal,  S  weden,  and  Norway. 
The  amount  of  acid  produced  is  about  =  125,000  tons  HgSOf,  and 
about  1000  tons  30  per  cent,  fuming  acid.  The  factories  are 
situated  at  Wiatka,  Kasan,  Baku,  St.  Petersbxirg,  Riga,  Moskow. 

For  the  United  States  we  possess  unusually  good  matenals  for 
statistics  in  a  Report  made  by  the  Washington  Census  Bureau 
^United  States  Census  Bulletin,  No.  210).  In  the  original 
the  quantities  are  quoted  in  pounds  ne^ht  and  the  costs  in 
dollars  per  short  ton  (of  20()0  lbs.).  I  reduce  them  in  the 
following  to  long  tons  (of  2240  lbs.)  both  for  quantities  and 
costs ;  and  I  also  give  the  equivalent  of  the  quantities  in 
real  monohydrate  (HjSO^). 

*  For  fuming  add  or  uihydTide=l  rubel  (gold)  per  pud=about  £9  13«. 
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In  the  year  1890  there  were  105  establishments  making 
phuric  acid^  which  produced 


Aoid  of 

Value 

Acid  of 

Value 

Acid  of 

Tiljt 

50<»B. 

per  ton. 

60°  B. 

per  ton. 

66°  B. 

peru 

tons. 

dols. 

tons. 

dols. 

tons. 

dib. 

450,832 

7-62 

9098 

10-77 

158,274 

1637 

equivalent 

in  H,SO, : 

«279,515 

6186 

144,612 

Grand  total =430,313  tons  H2SO4;  value  7,679,473  dols. 

In  the  year  1900  there  were  127  establishments   (with  oiJj 
28  chemists  I),  which  produced 


Acid  of 

Value 

Acid  of 

Value 

Acid  of 

Vsloe 

50°  B. 

per  ton. 

60°  B. 

per  ton. 

66°  B. 

per  tot 

tons. 

dols. 

tons. 

dols. 

tons. 

dcU 

875,392 

7-46 

15,635 

12-92 

336,856 

14-29 

equivalent 

in  H2SO4 : 

=  542,743 

10,032 

309,907 

Grand  total =863,282  tons  H^SO^;  value  14,247,185  dols. 

[This  does  not  seem  to  include  the  acid  made  from  zinc-blend^ 
and  other  smelting-operations,  which,  according  to  Eng.  Mit 
Joum.  August  1902,  p.  182,  in  1900  amounted  to  75,650  long  toe 
of  66°  B.] 

Of  the  127  works  reporting  in  1900,  31  burned  brimstone  only 
79  pyrites  only,  17  both  brimstone  and  pyrites.  (Nothing  is  sai- 
about  blende.)  The  data  given  in  the  original  do  not  admit  a: 
stating  what  quantities  of  brimstone  and  pyrites  were  consumt^ 
respectively,  but  these  are  quoted  from  other  sources  in  pp.  24  ace 
58.  The  Report  abstracted  here  gives  as  the  average  productio-: 
of  20  works  a  production  of  402  lbs.  acid  of  50°  B.  [say,  62  per 
cent.  H2SO4]  from  100  lbs.  brimstone,  with  a  consumption  -' 
4-29  lbs.  nitre,  and  234  to  160  lbs.  (average  204)  acid  f 
50°  B.  from  100  lbs.  pyrites,  with  a  consumption  of  1'2 1^ 
2*5  lbs.  of  nitre  per  100  lbs.  pyrites.  [The  yields  here  quoieJ^ 
mechanical  averages  from  very  discrepant  sources,  possess  d 
course  very  little  practical  value.  The  statistics  given  by  Gilcbru*' 
in  Journ.  Soc.  Chem.  Ind.  1899,  p.  460,  are  rendered  obsolete  bf 
the  above  official  report,] 
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Japan  in  1900  consumed  about  28,000  tons  Bulphuric  acid 
50°  B.,  mostly  from  native  pyrites.  Neariy  10,000  tons  of  this 
were  consumed  by  bleacbing'powder  works,  8500  tons  by  petroleum 
refiners  ;  over  1000  tons  were  exported,  partly  to  China  (Joum. 
Soc.  Chem.  Ind.  1900,  p.  299).  This  statement  contrasts  very 
much  with  that  given  below. 

In  Chem.  Zeit.  190S,  p.  1231,  we  And  a  report  on  the  manu- 
facture of  sulphuric  acid  in  Japan  by  Professor  T.  Nishigawa,  of 
which  we  give  a  short  abstract.  The  first  works  was  erected 
in  1872  for  the  Imperial  Mint  at  Osaka  by  an  Englishman, 
Mr.  Kinder,  in  the  old-fashioned  style  of  burning  brimstone 
on  plates  without  towers.  These  were  followed  by  similar  works 
in  1880.  In  1883  Nishigawa  erected  the  first  factory  on  modern 
principles,  and  many  others  followed,  principally  at  Osaka  and 
Tokio.  Several  of  these  have  reached  a  daily  make  of  80,000  to 
100,000  lbs.  acid  of  50"  B.  They  are  built  on  thoroughly  modem 
principles,  with  Gay-Lussac  and  Glover  towers,  partly  also  with 
LuDge  towers.  Since  1895  brimstone  has  been  partly  replaced  by 
pyrites.  Except  the  first,  all  of  them  have  beea  constructed 
by  Japanese  chemists,  and  tbey  are  all  managed  by  Japanese. 
There  are  now  nine  acid-works,  producing  nearly  50,000  tons 
pure  H)SO«  per  annum. 
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(Up  to  August  1st,  1903.) 


P.  14.  Brimstone  as  raw  material  for  sulphuric-acid  mah^- 
According  to  the  Alkali  Inspector's  Report,  No.  38,  p.  50,  a  larr 
brimstone-acid  factory  was  erected  in  Ireland  in  1902,  withoot 
Gay-Lussac  tower. 

P.  15.  Boiling-point  of  sulphur, — Holbornand  Griineisenhan 
found  this  by  a  very  exact  method  =444°*8of  the  hydrogen  sou 
(Drude's  Ann.  1901,  vi.  p.  123). 

P.  20.  Exportation  of  sulphur  from  Sicily  in  1901  and  1902.- 
The  following  figures  are  taken  from  Chem.  Trade  Journ.  1903 
xxxii.  p.  203.  The  figures  for  1901  quoted  in  Min.  Ind.  x.  p.  5S 
and  in  Chem.  Ind.  1902,  p.  586,  do  not  differ  very  much  ta 
them. 

1901.  1902. 

Exports  to :  tons.  tons. 

United  States  and  Canada. . .     141,617         168,919 

France 74,884  67,249 

Italy 74,517  45,603 

United  Kingdom 22,408  25,477 

Russia 15,110  17,295 

Portugal 11,385  10,614 

Germany 23,447  25,906 

Austria 18,842  19,080 

Greece  and  Turkey 21,701  20,548 

Belgium  7,462  12,828 
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1901.  1002. 

Exports  to :  tons.  tona. 

ScaodinaTia 24,486  24,918 

Spain    2,979  2,249 

Holland    10,868  8,648 

Other  Countries 9,889  18,484 

Total 459,030        467,319 

Bolis,  in  Chem.  Ind.  1902,  p.  586,  states  the  total  production 
of  brimstone  in  Italy  iu  1901 : — 

District  of  Boli^a 21,269 

„      „    Naples 7,306 

„      „    Caltanisetta  (Sicily)  ...     534,543 

From  the  latter  69,963  tons  were  exported  to  continental 
Italy. 

P.  21.  Sa^/atr  in  TYarusyhania. — A  large  deposit  of  native 
sulphur  is  reported  to  have  been  found  in  the  Boi^6  Alps  (Chem. 
Ind.  1903,  p.  147). 

P.  21.  Sulphur  in  Greece. — Sulphur-ore  exists  on  the  island 
of  Milo,  where  it  is  used  in  the  raw  state  for  dusting  the  vines. 
About  1000  tona  are  extracted  in  the  pure  state  and  are  used 
for  the  manufacture  of  sulphuric  acid. 

P.  23,  Sulphur  in  Japan. — In  1900, 14,485  tons  were  produced, 
especially  in  the  provinces  of  Hokkaida,  Rikuzen,  Asumt,  and 
Shenaro.  In  1901,  10,705  long  tons  were  exported  to  the  United 
States. 

P.  33.  Sulphur  tn  North  America. — In  1901  the  production  in 
the  United  States  amounted  to  6867  long  tons,  derived  from 
Nevada,  Idaho,  Utah,  and  Louisiana,  in  order  of  the  importance 
of  their  outpat.  The  importation  of  crude  sulphur  into  America 
in  1901  was  174,194  tons  (most  of  it  being  used  in  the  manu- 
facture of  sulphite  pulp  for  paper-making);  besides  748  tons 
flowers  and  268  refined.  The  price  at  New  York  in  1901 
oscillated  between  1992  and  23-30  $  per  long  ton, 

P.  29.  Sulphur  from  «(/pAkic#.— Swinburne  (G.  P.  134,784) 
places  the  sulphate  ore  in  a  bath,  formed  of  fusible  chlorides  of 
heavy  metals,  heats  to  a  high  temperature,  and  applies  the  electric 
curreDt,  which  produces  free  chlorine  from  the  chloride.     The 
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chlorine  decomposes  the  sulphide  with  liberation  of  sulphur,  vi 
distils  off^  metallic  chloride  being  reformed. 

P.  30.     The  World's  production  of  sulphur  in  1900^  accord, 
to  Min.  Ind.  x.  p.  593^  was : — 


long  tons. 

Austria* 862 

France* *  11,551 

Hungary 123 

Germany 1^445 

Greece 891 

Italy 544,119 


longtoD. 

Japan  14,^ 

Russia ? 

Spain   75Ci 

Sweden    70 

United  States 4,701 


Comp.  p.  30  conceniing  the  sulphur   extracted  from   LebUi 
soda-waste,  which  is  not  included  in  the  above. 

P.  31.  Analysis  of  crude  sulphur. — F.  B.  Carpenter  (Joun 
Soc.  Chem.  Ind.  1902,  p.  832)  has  met  with  crude  sulplitir  fitc 
Mexico  containing  so  much  gypsum  that  carbon  disulphide  dv 
not  extract  all  the  sulphur.  This  can,  however,  be  done,  or  tL 
sulphur  approximately  estimated,  by  burning,  after  extracting  tt 
calcium  sulphate  by  boiling  with  hot  hydrochloric  acid.  T- 
moisture  must  be  estimated  by  drying  in  a  vacuum  over  sulphur- 
acid. 

P.  31.     Detection  of  arsenic  and  selenium  in  sulphur, — St." 
(Chem.  News,  vol.  Ixxxvi.  p.  135)  declares  the  method  of  Schsj 
for  the  detection   of  arsenic  in  sulphur  to  be  erroneons.    E 
proceeds  as  follows  : — He  extracts  200  grms.  of  the  sample  durj. 
two  hours  in  a  paper  filter  in  the  Soxhlet  apparatus  with  carb^ 
disulphide,  withdraws  the  paper  filter,  allows  the  CS^  to  evapora: 
scrapes  out  the  residue,  heats  this  with  50  c.c.  strong   nitric  a: 
till  all  acid  is  driven  ofiP,  adds  1  c.c.  strong  hydrochloric  acid  an. 
after  a  few  minutes,  5  c.c.  warm  water,  filters  into  a  test-tuS 
washes  the  insoluble  residue  with  a  little  water,  adds  to  the  soluti:': 
20  c.c.  strong  hydrochloric  acid,  1  or  2  c.c.  of  a  fairly  concentrate 
solution  of  stannous  chloride  in  hydrochloric  acid,  and,  last!; 
3  c.c.  of  strong  sulphuric  acid,  heats  gently  and  allows  to  sts: 
over-night.     If  As  or  Se  (insoluble  in  CS^)  is  present,  a  da: 
brown  precipitate  is  formed.     This  is  filtered  througli  asbes:. 
(purified  by  aqua  regia),  washed  and  dried  at  100^,  transferred  : 
a  hard  glass  tube,  7  mm.  bore,  closed  at  one  end ;  the  tube  is  the: 

*  Raw  8ulphur-ore  of  very  varying  percentages. 
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drawn  out  immediately  above  the  contents  to  1*5  mm.  bore  Tor  a 
length  of  about  80  mm.  The  bulb  portion,  containiog  the  asbestos, 
&c.,  is  heated  to  redness  in  a  Bnnsen  flame.  As  and  Se  are  driven 
o£F  and  condense  in  the  narrow  part  of  the  tube.  Se  appears  both 
in  the  black  and  red  modiScation  and  is  at  once  identified  by  its 
characteristic  odour ;  As  is  found  by  heating  the  sublimate  in  a 
current  of  air,  when  Ab^O,  forms  a  ring  of  glistening  crystals,  or, 
in  the  presence  of  traces  of  water,  globules  of  a  solution  of  oxide. 
If  no  Hcleuium  is  found  here,  it  may  be  sought  for  in  the  CSj 
solution,  by  distilling  off  the  CSj,  oxidizing  the  mass  of  sulphur 
by  means  of  fuming  nitric  acid  [no  mean  task  with  200  grams 
sulphur  I],  filtering  through  asbestos,  evaporating  the  filtrate  till 
strong  white  fumes  of  sulphuric  acid  appear,  and  then  reducing 
with  SnClj,  &c.,  as  above. 

P.  33.  Grinding  and  sifting  mlphur.—K.  Walter  (G.  P.  136,547) 
performs  these  operations  in  an  atmosphere  of  inert  gas  which  is 
made  to  circulate  through  the  apparatus.  In  this  way  the 
formation  of  sparks  is  avoided,  and  the  sulphur  can  be  reduced 
to  such  a  degree  of  fineness  that  it  passes  through  a  sieve  of 
5000  meshes  per  square  centimetre. 

P.  33.  Examination  of  sulphur  for  fineneasy  (^c. — H.  Fresenius 
and  P.  Beck  (Zsch.  analyt.  Ch.  xlii.  p.  21)  draw  attention  to  some 
points  necessary  to  observe.  The  Chancel  test  for  the  degree  of 
fineness  should  be  made  with  ether  distilled  over  sodium.  After 
shaking  up  all  agitation  should  be  avoided ;  the  sulphurimeter 
should  be  fixed  in  a  stand  and  at  once  immersed  in  water  of  17°5C. 
Organic  matter  and  ashes  should  be  estimated  at  little  over  200''  C. 
after  evaporating  the  sulphur.  The  microscope  will  show  whether 
a  mixture  of  ground  sulphur  and  flowers  of  sulphur  is  present. 
The  temperature  in  estimating  the  water  by  drying  should  not  be 
above  70°  C.  The  authors  found  in  several  samples  of  Sicilian 
sulphur  from  002  to  0-26  per  cent,  ashes,  0-02  to  005  per  cent, 
organic  substance,  0-17  to  0'64per  cent,  residue  insoluble  in  CSg, 
of  which  0-13  to  0-28  was  sulphur,  and  016  to  0-405  per  cent, 
insoluble  in  caustic  soda  solution  spec,  grav.  1-2. 

P.  45.  In  Germany  the  importation  of  pyrites  in  1901  was 
488,632  tons,  the  exportation  23,680  tons ;  in  1902, 482,096  tons 
were  imported,  35,370  tons  exported. 

P.  45.  Pyrites  in  Austria. — At  Davidsthal,  in  Bohemia, 
pyrites  is  found  containing  49  per  cent.  S  with  6  per  cent,  carbon. 
It  is  used  only  for  manufacturing  SOg  by  the  contact-process. 
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P.  57.  Pyrites  in  America* — In  1901  the  production  was  234^825 
long  tons^  including  7585  tons '^ coal-brasses'^  from  Ohio.  Tbe 
pyrites  came  from  Virginia^  Colorado^  Massachusetts,  and  New  Yc^k 
named  in  the  order  of  production.  The  importation  of  pyiite 
was  403,706  tons,  the  total  consumption  of  pyrites  in  the  Unite 
States  (part  of  it  for  the  manufacture  of  sulphite  pulp)  638p3 
tons.  Min.  Ind.  x.  p.  596  draws  attention  to  the  fact  that  larrt 
and  hitherto  unused  stores  of  zinciferous  sulphur-ores  exist  in  tb 
States  of  Arkansas,  Missouri,  Kentucky,  and  Kansas. 

P.  53.  Spanish  pyrites, — Recently  hundreds  of  thousands  c: 
tons  of  "  leached  ores  '^  have  come  into  the  market,  especially  Ri 
Tinto  and  Pomaron.  These  ores  are  exposed  to  the  weather  and  thei 
washed  with  water,  in  order  to  extract  the  copper,  of  which  thef 
retain  only  0'3  to  0*5  per  cent.  They  test  49  or  50  per  oeci 
sulphur  in  the  dry  state,  but  they  generally  contain  about  5  per  cer. 
water.  In  the  pyrites-burners  they  make  very  much  dust,  t 
they  are  very  porous  and  friable.. 

P.  59.  World's  production  of  iron-pyrites. — According^  to  Mis 
Ind.  X.  p.  598  this  was  in  1900  :  — 

Metr.  tons. 

Belgium  400 

Prussia    1,700 

Canada    36,316 

France 305,073 

Germany 169,447 

Hungary 87,000 

Italy    71,616 

Newfoundland    33,000 

Norway   95,000 

Portugal 345,330 

Russia 25,000 

Spain  356,018 

Sweden    179 

United  Kingdom   12,484 

United  States 204,538 

Total 1,743,111 

This  does  not  include  the  very  large  quantities  of  cupreou> 
pyrites  (over  1  per  cent.  Cu)  obtained  in  Spain  and  Portng*; 
(comp.  footnotes  to  p.  59). 
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P.  77.  TSe  eitimation  of  carbon  in  pyrites  is  described  by 
Treadwell  and  Koch  (Zsch.  aogew.  Ch.  1903,  p.  852). 

Pp.  89  &  367.  Sulphuric  acid  from  hydrogen  rulphide. — Accord- 
ing to  '  Iron  Age,'  July  10, 1902,  tbe  HjS  developed  as  a  by-product 
Id  tbe  refining  of  aspbaltum  at  tbe  works  at  Ventura,  Cal.,  is 
bomed  to  SO}  and  converted  into  sulphuric  acid  iu  lead  chambers. 
The  present  production  is  10  tons  of  high-grade  acid  daily. 

P.  93.  Nitrate  of  soda  in  California.— In  the  Mohave  Desert, 
80  or  100  miles  from  Manvel,  in  Bernardino  and  Inyo  counties, 
on  the  Santa  F^  Railway,  a  large  deposit  of  rich  nitre-earth  has 
been  discovered.  According  to  Eng.  &  Min.  Ind.  1903,  p.  186, 
about  21  million  tons  are  visible,  but  this  figure  is  likely  "  to  be 
revised."  It  will  be  two  or  three  years  before  this  property  is  in 
a  condition  to  supply  the  market. 

P.  93.  Nitrate  of  soda,  gtaiigtici. — According  to  Joum.  Soc. 
Chem.  Ind.  1902,  p.  1002,  the  consumption  of  nitrate  of  soda 
during  the  year  ending  June  30,  1902,  was  as  follows:— United 
Kingdom  111,000  tons ;  Continent  897,000  tons ;  United  States 
185,000  tons;  tbe  whole  World  1,209,000  tons.  The  price  on 
June  30,  1892,  was  8».  9d.  per  cwt. 

Germany  in  1901  imported  529,668  tons  and  exported  13,480 
tons. 

P.  98.  Hydrates  of  nitric  add. — H.  Erdmaun  (Zsch.  anorg. 
Ch.  xxxii.  p.  431)  has  isolated  in  a  crystallized  state  the  following 
hydrates  of  nitric  acid : — 

Orthonitric  acid  N(OH),=63-63  per  cent.  HNO,.  Melts  at 
—35°,  stable  at  —15°,  boils  uuder  a  mercurial  pressure  of  13  mm. 
at  40°  to  40°-5,  with  dissociation. 

Eight-baaic  nitric  acid  (HO),N-  ON  (0H)4  =  68-87  per  cent. 
HNOj,  analogous  to  crystallized  arsenic  acid  or  the  tetracalcic 
phosphate  forming  "  Thomas  slags."  Extremely  viscid.  This  is 
the  acid  which  remains  on  prolonged  boiling  of  nitric  acid  of 
various  strengths.     Melts  at  —39°  C. 

Three-banc  nitric  acirf.— 0=N  (OH)a=77-78  per  cent.  HNO,. 
Melts  at  —84°. 

Four-basic  nUric  acid.— (liO)i'HO-0~'iiO  (OH),=87-52  per 
cent.  HNO|.  Melts  at  — 66*''2 ;  boils  under  a  pressure  of  15  mm. 
at  48°. 

P.  114.  Nitrie-acid  retorts. — According  to  notes  from  actual 
practice,  tbe  nearly  cylindrical  middle  part  of  the  Gnttmann  retorts 
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(see  fig.  20)  lasts  practically  for  ever.  The  bottom  parts  majk 
up  to  10  years,  the  covers  about  one  year.  The  latter  if 
surrounded  with  a  sheet-iron  rim  and  serve  for  drying  the  nitfi 
[In  would  seem  preferable  to  me,  on  the  contrary^  to  avoid  r; 
condensation  inside  the  covers  by  protecting  them  against  coolk 
by  brickwork  or  otherwise,  and  to  eflfect  the  drying  of  the  nb 
by  means  of  the  waste  heat  from  the  retort  fires.]  Each  letr 
receives  a  charge  of  12  cwt.  nitre  and  13  cwt.  sulphuric  a& 
(95  per  cent.),  which  is  worked  off  in  14  hours  with  only  1  cwt, 
coal.  After  cooling  for  6  hours  the  nitre-cake  is  run  off  and  6 
retort  is  ready  for  charging  again.  A  set  of  10  retorts  is  vorkt 
by  two  shifts  of  three  men  each ;  the  men  have  also  to  wheel  d 
nitre  from  the  storehouse  and  to  manage  the  condensation. 

P.  131.  Condensation  of  nitric  acid. — Bate  and  Orme,of  t: 
National  Explosives  Company,  have  patented  the  following  n- 
provements  of  the  "  water  battery "  (B.  P.  25,790,  Nov.  % 
1902).  The  object  is:  to  ensure  more  eflScient  circulation  of  r: 
condensing  water ;  to  enable  a  defective  pipe  to  be  removed  a:'. 
replaced  without  interfering  with  the  other  pipes,  and  to  an^ 
reducing  the  strength  of  the  acid  if  a  pipe  should  crack  or  le^ 
while  the  charge  is  being  worked  off.  Each  vertical  condensJni 
pipe,  or  as  many  of  them  as  may  be  necessary,  is  surrounded  by- 
separate  water-jacket,  which  in  case  of  a  crack  or  leak  may ' 
rapidly  emptied.  The  condenser  otherwise  resembles  a  Gnttma: 
water-battery,  but  is  claimed  to  be  superior  to  this  in  the  aboT- 
mentioned  respects.  These  water-jackets  are  made  of  lead;  M 
are  open  at  the  top  and  are  fused  to  the  lead  covering  of  tfc 
wooden  frame  holding  the  pipes  in  their  places,  and  they  are  mc 
to  hold  water  by  means  of  a  gland  ring  and  rubber  joint  ring 
circular  section.  The  specification  gives  all  details  of  the  ox 
struction  of  the  water-jackets  and  other  parts  of  the  apparab 
It  has  been  successfully  at  work  for  some  time  at  the  Haj 
Explosive  works,  where  the  process  is  as  follows  : — The  vapoa^ 
issuing  from  the  retorts  described  on  p.  114  pass  into  an  inciis^ 
stoneware  conduit,  with  a  glass  bulb  in  the  middle,  and  then. 
into  a  series  of  five  stoneware  pipes,  about  5  feet  long  and  4  inct  * 
wide  each,  connected  alternately  at  top  and  bottom.  Thet*" 
three  of  the  set  are  converted  into  Liebig  coolers  by  means  of  o^- 
topped  lead-jackets,  about  8  inches  wide,  fed  with  cold  water  at! 
bottom.     The  last  two  pipes  are  left  uncovered  and  are  men, 
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cooled  by  the  air.  These  6ve  pipes  communicate  at  the  bottom 
1)y  a  Guttmana  "  chamber- pipe,"  or  in  any  other  suitable  vay, 
with  a  pipe  conveying  the  condensed  strong  acid  into  a  closed 
receiverj  placed  outside  the  building.  The  inlet-pipe  is  fixed  tightly 
ill  the  receiver  and  ix  provided  with  a  side  tap  through  which, 
during  the  laat  stage  of  the  operation,  the  weaker  acid  condensed 
then  is  nrn  into  another  receiver.  In  these  vertical  pipes  the  acid- 
vapours  are  almost  entirely  condensed  to  stroag  acid.  The 
remainder  passes  through  six  ordinary  receivers,  charged  with 
6  iaches  of  water,  which  is  left  there  until  the  specific  gravity 
amounts  to  1-43  or  1'43.  Lastly,  the  gases  from  four  retorts 
pass  into  a  Lunge  tower  fed  with  a  little  water.  By  pumping 
back  the  weak  acid  formed  here  it  may  be  brought  to  specific 
gravity  r40.  All  the  acid  from  the  six  receivers  and  the  weak 
acid  condensing  in  the  pipes  towards  the  end  of  the  operation, 
which  altogether  amounts  to  about  5  per  cent,  of  the  total,  is  put 
back  into  the  retort  in  a  subsequent  operation,  so  that  the  whole  of 
the  acid  is  eventually  obtained  of  spec.  grav.  1"507=92  per  cent. 
HNOg,  inclusive  of  1  to  1-3  per  cent.  NjOi,  This  amounts  to 
97  per  cent,  of  the  theoretical  quantity.  2  per  cent,  of  the  nitrate 
is  left  undecomposed  in  the  nitre-cake;  this  admits  of  conducting 
the  separation  in  such  a  maimer  that  the  residual  niti^-cake  retains 
enougb  water  to  obtain  all  the  nitric  acid  in  the  strong  state,  as 
ststed  above.  It  is  entirely  free  from  sulphuric  acid,  chlorine, 
and  iron.  The  12  cwt.  nitre  charged  yield  8J  to  9  cwt.  strong 
nitric  acid,  no  weak  acid  at  all  leaving  the  process.  This  should 
be  contrasted  with  the  Valentiner  process,  which  in  one  distillation 
furnishes  only  80  per  cent,  of  the  acid  in  a  strong  state. 

Guttmann  has  recently  described  a  modification  in  details  of 
liis  condensing- battery  (Germ.  pat.  No.  136,  p.  679). 

P.  131.  Vlath  (E.  P.  9133,  1901)  makes  cltar  coacenlraled 
nitric  acid  by  interposing  between  the  perpendicular  cooling-pipes 
nud  the  receiving- vessel  a  cooling-worm  about  80  feet  long,  air 
being  passed  through  opposit£  to  the  current  of  acid,  aud  the 
temperatui'e  in  the  cooling-tub  being  regulated  in  such  a  manner 
that  the  acid  comes  out  both  cold  and  free  from  lower  nitrogen 
oxides. 

P.  139.  Vtilization  of  ni/re-cu A e.—Barbier  (U.S.  P.  487,5Jfij 
1892)  proposes  treating  a  solution  of  35°  to  45"  BaumtJ  by  re- 
frigeration to  about  10°  C. ;  in  this  case  a  decomposition  takes 
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place  into  crystallized  neutral  sulphate  of  soda  and  free  salpbark 
acid  [?] . 

P-  189.  Utilization  of  mtre-cake. — Cheeseman  (U.S.  P. 
No.  714,145,  Nov.  25,  1902)  describes  a  process  which  I  loij 
ago  proposed  to  those  interested  in  the  matter  as  open  to  every- 
body, viz.,  neutralizing  a  solution  of  nitre-cake  by  lime  (or  calciuci 
carbonate),  separating  the  calciy^ln  sulphate  by  filtration  or  other- 
wise,  running  off  the  solution  of  sodium  sulphate  and  utilizing  this, 
for  instance  for  the  manufacture  of  '^  blanc  fixe,"  by  precipitatitc 
with  barium  hydrosulphide  solution. 

P.  141.  Recovery  of  nitric  acid  from  waste  acid  of  nitro- 
glycerine  and  nitrocellulose  works. — The  following  process,  a? 
carried  out  at  Hayle,  works  very  well  indeed.  The  waste  acid  :? 
denitrated  in  a  small  Yolvic  column,  standing  in  a  strong  leaden 
socket,  with  an  overflow  about  8  inches  from  the  bottom.  Th* 
steam-pipe  must  not  end  free  in  the  column,  but  within  the  liqmil 
say  6  inches  below  its  level,  so  that  the  steam  rising*  from  thri 
liquid  effects  the  denitration.  The  operation  is  comiaenced  by 
putting  water  into  the  lead  socket  and  passing  in  steam  until  the 
column  is  hot.  Only  then  the  feeding  with  waste  acid  is  started 
and  is  conducted  in  such  a  manner  that  at  the  bottom  sulphunr 
acid  of  74  to  ^'5  percent.  11^804  issues  at  a  temperature  of  160°  C. 
in  which  case  the  denitration  is  perfect.  The  nitrous  vapour* 
pass  first  through  four  empty  receivers,  for  the  purpose  of  eoolin^'. 
then  successively  through  five  Lunge  towers,  about  6  feet  hi?h. 
and  then  through  eight  receivers,  charged  with  6  inches  of  watt: 
each.  The  towers  are  fed  very  slowly  with  water,  the  holes  in  tbe 
covers  being  plugged  up  with  wood  in  such  a  manner  that  the  water 
trickles  in  in  drops.  On  the  top  of  the  first  tower  one  of  tbe 
holes  is  left  open  in  order  to  draw  in  the  necessary  air.  Thus  tbi 
towers  yield  nitric  acid  of  57  to  64  per  cent.  HNOs,  inclusive  of 
1*5  per  cent.  N2O4,  on  the  average  of  spec.  grav.  1*40.  The  water 
in  the  receivers  is  left  there  until  the  specific  gravity  reaches  I'lC. 
This  plant  denitrates  10  tons  of  waste  acid  per  diem. 

P.  144.  Production  of  nitric  acid  from  atmospheric  air.— 
Bradley  and  Lovejoy  (Engl.  pat.  8230  of  1901  ;  U.S.  P.  709,Hu: 
and  709,868  of  Sept.  30,  1902)  produce  nitric  acid  from  atmo 
spheric  nitrogen  by  means  of  an  electric  arch  divided  into  thii. 
subdivisions  so  as  to  obtain  a  large  surface  for  small  electro 
energy.      Their    process    is    carried    out    by   the    Atmosphens. 
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Products  Co.,  at  Niagara  Falls.  Their  apparatus  ia  deacribcd  iu 
'  Electrochemical  Industry  '  (Philadelphia),  toI.  i,  p.  20. 

Muthmann  and  Hofer  (Berl.  Ber,  1903,  p.  438)  have  scientifically 
investigated  the  combustion  of  nitrogeu  into  nitric  oxide  in  the 
electric  flame;  also  Lepet,  eod.  toe.  1897,  p.  1027,  and  1903, 
p.  1251. 

Great  hopes  are  entertained  in  some  quarters  concerning  the 
preparation  of  nitric  acid  by  cheap  electricity,  but  the  economical 
as|>cct  ol'  this  question  ia  as  yet  anything  but  clear,  and  so  far  no 
method  is  known  of  obtaining  concentrated  nitric  acid  in  this  way. 

P.  14-1.  Manufacture  of  nitric  acid  from  ammonia. — ^Ostwald 
(Addition,  dated  April  9,  1902,  to  Fr.  Pat,  317,514;  eomp.  E.  P. 
098  and  8300,  1902)  gives  the  followiug  additional  prescriptions. 
The  air  must  be  in  considerahle  excess,  the  temperature  of  reaction 
must  exceed  300°  C. ;  the  passage  of  the  gaseous  mixture  must  be 
as  rapid  as  possible,  and  the  gases  are  previously  heated  by  the 
hot  gases  coming  away  from  the  con  tact- mass.  The  apparatus 
consists  of  an  open  tube,  charged  at  one  end  with  the  contact- 
material  (platinum  coated  with  platinum  aponge),  fixed  air-tight  in 
a  cylinder  with  its  open  end  projecting.  The  cylinder  has  an 
aperture  close  to  the  exit  end  for  admission  of  the  gases,  which 
thus  pass  along  the  sides  of  the  tube  before  entry  through  the  end 
containing  the  contact-material.  The  gases,  strongly  heated  by 
the  reaction,  heat  the  tube  on  their  passage  onwards,  such  heat 
being  iu  part  taken  up  by  the  entering  gases. 

P.  149.  Seaquioxide  of  sulphur  SjOj- — According  to  Witt 
(Chem.  lud.  A.  deutsch.  Reiches,  p.*  118)  this  substance,  the 
anhydride  of  thiosulphuric  acid,  obtained  by  dissolving  sulphur 
in  fuming  sulphuric  acid,  is  preferable  to  all  other  regents  as 
a  powerful  reducing-ageut  (in  sulphuric- acid  solution)  in  the 
manufacture  of  saphtazarin  and  several  other  Cases. 

P.  154.  Acid-smoke. — A  book,  comprising  the  whole  of  this 
subject,  has  been  published  by  Haselhoff  &  Lindau,  under  the  title 
'  Die  Beschadigung  der  Vegetation  durch  Rauch'  (Leipsic,  1903). 

P.  179.  Sptci/ic  gravities  of  sulphuric  acid. — A.  Marshall 
(Joum.  Soc.  Chem.  Ind,  1902,  p.  1509)  gives  a  table  of  specific 
gravities  of  sulphuric  acid,  calculated  for  weighing  in  the  air  at 

T  qC.     It  is  based  on  Pickering's  work  of  1890,  which  to  some 

extent  deviates  from  the  results  obtained  by  myself  with  Nacf  & 
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Tsler.  I  have  shown  in  Zsch.  f.  angew.  Ch.  1890,  p.  569^  that 
the  very  narrow  basis  on  which  Pickering's  elaborate  figures  rt^: 
is  much  too  uncertain  to  attribute  to  his  results  greater  accuracr 
than  to  ours. 

Marshall  founds  upon  the  same  table  a  method  for  estiaiatiDf 
the  strength  of  sulphuric  acid  {loc.  dL  p.  1511),  which,  owing  to 
the  necessity  of  corrections  for  the  impurities,  cannot  vie  with  as 
ordinary  titration  either  in  speed  or  in  accuracy. 

P.  187.  Influence  of  impurities  on  the  specijic  gravity  of  sulphuru 
acid, — Marshall  {loc,  cit,  p.  1508)  shows  that  sulphuric  acid, 
recovered  from  the  waste  acid  of  nitrating  processes,  may  contain 
notable  quantities  of  nitric  acid,  which  make  the  specific  grantr 
of  strong  sulphuric  acid  appear  higher  than  normal.  Mixtures  of 
both  acids  up  to  7*5  per  cent.  HNO3  showed  an  increase  of  specific 
gravity  up  to  1*862;  from  that  onwards  the  specific  gravities 
decrease.  Further  experiments  showed  that  an  additional  0*1  per 
cent,  of  various  sulphates  raises  the  specific  gravity  of  strong 
sulphuric  acid  by  0*001;  lead  sulphate  by  0*0015;  As^Os  bj 
0'0013;  nitrosulphuric  acid  by  000027.  Lead  sulphate  is  mucb 
more  soluble  than  stated  by  Kolb  {suprcty  p.  190) ;  acid  of  98  per 
cent,  may  contain  0*09  per  cent.  PbSOi,  acid  of  94  per  cent. 
0-06  per  cent.  PbSO^. 

Pp.  203  and  875.  Action  of  sulphuric  acid  on  platinum.— 
Contrary  to  the  ordinary  statement  in  chemical  text-books,  Conroy 
(J.  Soc.  Chem.  Ind.  1903,  p.  465)  has  found  that  sulphuric  acid, 
even  when  pure,  exerts  a  marked  solvent  action  upon  platinum. 
In  fact  the  quantity  taken  up  by  acid  of  95  per  cent.  H3SO4  at 
250°  C.  far  exceeds  that  observed  in  practice.  This  is  explained 
by  the  fact  that  reducing- substances,  like  As^Oa,  S,  SOj,  and  cTen 
N2O3,  retard  the  solvent  action.  Nitric  acid  does  not  promote  it 
directly,  but  in  practice  it  is  injurious  because  it  oxidizes  the 
reducing-substances  present.  Ammonium,  ferrous  and  ferric 
sulphate,  sodium  chloride  and  nitrate  have  no  action.  The 
greater  destruction  observed  when  bringing  the  acid  to  higher 
concentration  is  not  due  to  that  concentration  itself,  but  to  the 
higher  temperature  necessary  for  it. 

P.  24-3.  Analysis  of  fuming  sulphuric  acid, — Griinhut  (Zsch.  f. 
analyt.  Chera.  1899,  xxxviii.  p.  167)  has  drawn  up  a  table  nrhich 
admits,  by  the  addition  of  two  figures,  to  reduce  percentages  of 
H2SO4  calculated  to  001  per  cent,  into  percentages  of  SOj. 


p.  248,  Detection  of  arsenic  in  sulphuric  acid. — According  to 
Dawdow  {Chem.Cbl.  1895,  i.  p.  811),  Rosenheim  (Chem.  News, 
Ixxxiii.  p.  277),  and  Berry  (Jonrn,  Soc.  Cliem.  Ind.  xx.  p.  322) 
selenium  interferes  mth  the  Marah  test.  Scfaindelmeiaer  (Chem. 
Cbl.  1902,  ii.  p.  960)  found  that  no  AaHj  is  given  off  until  all 
selenium  has  been  precipitated  by  zinc  or  aluminium  in  the  Marsh 
apparatus.  Selenium,  either  as  seleniate  or  selenate,  also  forms 
precipitates  with  potassium  iodide  very  similar  to  Aslj,  so  that 
Seybel  and  Wikander's  l^at  is  also  interfered  with. 

P.  248.  Detection  and  approximate  estimation  of  minitle  qitan- 
tilies  of  arsenic. — Although  the  minute  rules  laid  down  by  the 
Arsenic  Committee  of  the  London  Section  of  the  Society  of 
Chemical  Industry  (Journ.  Soc.  Chem.  Ind.  1902,  p.  94)  refer  to 
the  examination  of  beer,  brewing- materials,  food-stuSa,  and  fuels, 
yre  shall  reproduce  here  that  portion  of  them  which  can  be  applied 
also  to  the  examination  of  sulphuric  acid.  The  Committee 
recommend  to  apply  the  Marsh-Berzelius  test. 

1.  Pure  reagents. — To  half  a  litre  of  "pure"  sulphuric  acid 
a  few  grams  of  sodium  chloride  are  added  and  the  mixture  is 
distilled  from  a  non-tubulated  retort,  the  first  portion  of  about 
50  c.c.  being  rejected.  One  volume  of  the  distilled  acid  is  diluted 
with  four  volumes  of  water.  Zinc  is  obtainable  free  from  arsenic. 
It  should  be  regranulated  by  melting  it  and  pouring  it  from  some 
height  into  cold  water.  Mr.  A.  H.  Allen  holds  it  to  he  essential 
that  the  zinc  should  contain  a  trace  of  iron. 

2.  Apparatus. — A  bottle  or  flask,  holding  about  200  c.c,  is 
fitted  with  a  doubly-bored  cork,  india-rubbw  stopper,  or  with  a 
ground-in  glass  connection,  carrying  a  tapped  funnel  holding 
about  50  c.c  and  an  exil-tube.  The  latter  is  connected  with  a 
horizontal  drying-tube,  containing,  first  a  roll  of  blotting-paper 
soaked  in  lead-acetate  solution  and  dried,  or  a  layer  of  cotton- 
wool prepared  in  a  similar  way,  then  a  wad  of  cotton- wool,  then  a 
layer  of  granulated  calcium  chloride,  and  finally  a  thick  wad  of 
cotton-wool.  To  this  tube  is  fitted  a  hard  glass  tube,  drawn  out 
into  a  thin  tube  of  snch  external  diameter  that  at  the  place  where 
the  arsenic  mirror  is  expected  the  tube  just  passes  through  a 
No.  13  Sirmingham  wire-guage  (  =  0*092  inch).  A  good  Bunsen 
flame  is  used  to  heat  the  wider  part  of  the  hard  glass  tube  close  to 
the  constriction.  About  one  inch  of  tnbe,  including  the  shoulder, 
ought  to  be  red-hot.     A  piece  of  moderately  fine  copper  gauze 
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(about  one  inch  square),  wrapped  round  the  portion  of  the  tnbe  :3 
be  heated,  assists  in  insuring  an  equal  distribution  of  heat. 

3.  Mode  of  testing, — About  20  grms.  of  zinc  are  placed  in  tk 
bottle  and  washed  with  water  to  clean  the  surface;  all  parts  of  the 
apparatus  are  connected  and  sufficient  acid  is  allowed  to  flow  frc*iii 
the  funnel  so  as  to  cause  a  fairly  brisk  evolution  of  hydrogefi. 
When  the  hydrogen  flame  (which  during  the  heating  of  the  tulie 
should  be  kept  as  uniformly  as  possible  a  quarter  of  an  inch  hi^H 
burns  with  a  round  (not  pointed)  top,  all  air  has  been  removed 
from  the  apparatus.  The  Bunsen  burner  should  then,  be  placvii 
under  the  hard  glass  tube,  as  described,  and  more  acid  (10  to  20  c.e. 
run  in  as  required.  With'good  materials  no  trace  of  a  mirror  i* 
obtained  within  half  an  hour.  Great  care  must  be  taken  that. 
when  additions  of  acid  are  made  to  the  zinc,  no  bubble  of  air  i" 
introduced,  since  in  presence  of  air  the  arsenic  mirror  may  becooii 
black  and  uneven,  whilst  it  should  be  brown. 

Should  the  blank  experiment  not  be  satisfactory,  it  must  l-^ 
ascertained,  by  changing  the  materials  methodically,  whether  tk 
fault  lies  with  the  acid,  the  zinc,  or  the  apparatus. 

4.  Preparation  of  standard  mirrors. — A  hydrochloric-acid  soU- 
tion  of  arsenious  oxide,  containing  0*001  mgrm.  As40e  per  c.cm. 
is  prepared  by  diluting  a  stronger  solution  with  distilled  water. 
2  c.c.  of  this  solution  are  introduced  into  the  apparatus.  If  the 
zinc  is  "sensitive,'^  a  distinct  brown  mirror  is  obtained  withk 
20  minutes.  (Some  "pure''  zinc  is,  from  a  cause  at  preset: 
unknown,  not  sensitive.)  The  portion  of  the  tube  containing  tht 
arsenic  should  be  sealed  oflf  while  still  filled  with  hydrogen 
Mirrors  are  similarly  made  with  0'004,0006, 0*008,  and  0*Ol  mgrm- 
of  arsenious  oxides.  The  first  stage  of  every  test  must  be  blaui 
for  at  least  20  minutes. 

Arsenic  in  both  states  of  oxidation  can  be  detected  and  estimates 
by  the  procedure  described. 

The  proof  that  the  mirrors  are  arsenical  is  obtained  as  follows  :^ 
The  narrow-portion  of  the  tube  containing  the  mirror  is  cut  off. 
the  hydrogen  replaced  by  air,  and  the  ends  sealed  up.  The  tube 
is  then  repeatedly  drawn  through  a  Bunsen  flame  until  the  mirn'* 
has  disappeared.  On  cooling,  minute  sparkling  crystals  of  arseniou-^ 
oxide  deposit,  which  can  be  readily  identified  under  the  microscope. 
With  this  test  quantities  of  20  c.c.  will  give  an  indication  in  tb 
presence  of  O'OOOO  15  per  cent.,  or  1  p^rt  arsenious  oxide  in  7  milliom 
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I  have  thought  it  right  to  quote  this  method ;  but  (as  with 
some  which  follow)  it  is  really  too  delicate  for  the  purposes  of  the 
acid-maker,  from  whom  it  cannot  be  demanded  that  his  "puriGed" 
acid  should  contain  less  than  1  part  As^Og  in  200,000  of  sulphuric 
acid.  It  is  acknowledged  on  most  sides  that  acid  containing  such 
a  miQimum  o£  arsenic  can  be  employed  even  for  the  purpose  of 
manufacturing  glucose,  tartaric  acid,  and  so  forth. 

Bertrand  (Bull.  Soc.  Chim.  [3]  xxvii.  No.  16;  Cbem.  News, 
Ixxxvi.  p.  191)  concentrates  the  arsenic  ia  not  more  than  30  to 
60  c.c.  of  liquid  in  the  hydrogen  apparatus.  The  oxygen  is 
entirely  driven  out  of  the  apparatus,  after  putting  in  the  zinc,  by 
pure  COj  taken  from  a  bottle  of  liquid  CO, ;  this  takes  only  a  few 
minutes.  Then  ooe  or  two  drops  of  dilute  platinum  chloride  in 
10  C.C.  of  dilute  sulphuric  acid  (1:5)  is  added,  and  after  tea 
Diiuutes  the  arsenical  solution  is  introduced.  The  gas  is  dried  by 
cottoU'Wool,  previously  heated  to  120°  C.  It  is  passed  through 
perfectly  clean  glass  tubes,  which  are  chosen  all  the  narrower  the 
smaller  the  quantity  of  arsenic  expected ;  e.  g.  only  1  mm,  wide,  if 
less  than  3^  mgrm.  is  present.  The  end  is  drawn  out  very  fine 
for  several  centimetres,  about  10  or  15  cms.  from  the  place  where 
the  ring  is  to  be  formed.  A  space  of  about  30  cms.  length  of  this 
tube  is  heat«d  to  nascent  redness.  If  the  tube  is  thin  nothing 
else  need  be  done ;  if  it  is  of  thick  glass,  a  space  of  the  above 
length  should  be  confined  on  both  sides  by  a  baud  of  filtering* 
paper  kept  moist,  so  as  to  prevent  the  ring  from  spreading  too 
fast.  In  this  way  one-thousandth  of  a  milligram  or  even  leas  can 
be  detected ;  but  of  course  the  greatest  care  must  be  taken  not 
to  introduce  it  by  the  reagents.  Such  exceedingly  slight  mirrors 
must  be  kept  from  oxidizing  by  sealing  the  tube  while  filled  with 
hydrogen. 

Parsons  and  Stewart  (Journ.  Amer.  Chem.  Soc.  1903,  xxiv. 
p.  1005)  show  that  in  the  presence  of  iron  some  arsenic  is  retained 
in  the  Marsh-Ber^elius  flask,  and  hence  iroa  should  be  avoided  if 
quantitative  results  are  required. 

For  the  Reinsch  test  very  detailed  prescriptions  are  given  by 
A.  H.  Allen  in  Jouni.  Soc.  Chem.  Ind.  19D1,  p.  281,  and  by  the 
Manchester  Brewers'  Association,  ibid.  p.  646  ;  but  these  also 
refer  to  beer,  glucose,  &c. 

A  thiid  test,  proposed  by  Gutzcit,  is  frequently  preferred  on 
account  o£  its  simplicity.     It  consists  in  allowing  hydrogen,  con- 
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taining  arsenic^  cooled  as  in  the  Marsh  test^  to  act  upon  solid  sUtct 
nitrate^  deposited  by  drying  on  a  piece  of  blotting-paper.  Cc«. 
Tenient  forms  of  apparatus  for  this  test  have  been  constructed  br 
Kirkby  (J.  Soc.  Chem.  Ind.  1901,  p.  281),  by  Tyrer  (ibid.  p.  281 
and  by  Dowzard  (ibid.  1900,  p.  1145).  Comp.  also  Hehner  (ibii: 
1901,  p.  194),  Bird  (ibid.  1901,  p.  390),  Richardson  (ibid,  im 
p.  902),  and  Gotthelf  (ibid.  1903,  p.  191). 

For  sulphuric  acid  specially  BettendorPs  test  is  also  emplojc-i 
in  which  a  solution  of  stannous  chloride  in  its  own  weight  of  strou 
hydrochloric  acid  is  added  to  the  solution  to  be  tested.  In  t  < 
presence  of  arsenic  a  brown  colour  and,  later  on,  a  black  precipitin 
are  formed,  much  more  quickly  when  heating.  According  ti 
Messel  (J.  Soc.  Chem.  Ind.  1901,  p.  192)  0*01  mg.  AS4O6  can  V 
detected  in  1  c.c.  sulphuric  acid  by  this  test. 

The  detection  of  arsenic  has  been  most  thoroughly  treated  in  a 
Report  of  a  Committee  appointed  by  the  Commissioners  of  Inlair: 
Revenue,  of  which  Professor  T.  E.  Thorpe  was  Chairman.  Tbey 
recommend,  in  the  first  instance,  Bloxam's  electrolytic  method  b: 
the  reduction  of  the  arsenic  to  arseniuretted  hydrogen,  which  b: 
been  worked  out  in  the  Government  Laboratory.  The  appar&tu^ 
serving  for  this  is  illustrated  and  minutely  described  in  the  Repon. 
It  is  somewhat  costly,  and  of  course  only  applicable  where  an 
electric  current  of  sufficient  intensity  is  available.  Therefore  i: 
many  cases  the  zinc  method  will  be  preferred,  in  spite  of  its  draw- 
backs. This  method,  as  described  in  the  Report,  agrees  in  mo$- 
respects  with  the  prescriptions  laid  down  by  the  Arsenic  Committte 
of  the  Society  of  Chemical  Industry  {supra,  p.  1190)  ;  the  dela- 
tions comprise  only  some  certainly  not  unimportant  details.  Ti^ 
size  of  the  apparatus  employed  and  the  amount  of  zinc  and  ac .: 
are  much  smaller,  the  rate  of  evolution  of  the  gas  is  less^  and  tk 
arsenic  is  deposited  over  a  smaller  area  of  glass  (Journ.  Chem. 
Soc.  vol.  Ixxxiii.  p.  974 ;  Journ.  Soc.  Chem.  Ind.  1903,  p.  965). 

P.  349.  Herreshoff furnaces. — In  1902  there  were  over  3O0  0: 
these  in  America.  In  Europe  there  were  103,  of  which  44  wen 
at  work,  59  building ;  viz.  26  in  Prance,  25  in  Germany,  16  n 
Scandinavia,  14  in  Italy,  6  in  Great  Britain,  4  in  Russia,  3  i'^ 
Austria,  3  in  Spain,  3  in  Holland,  2  in  lloumania,  1  in  Belgiua. 
Of  these  43  serve  for  the  contact-process,  38  for  the  lead-chambd 
process,  19  for  sulphite  wood-pulp,  3  for  liquid  sulphur  dioxide 
They  are  stated  to  give  no  trouble  whatever  with  granular  on>: 
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but  much  more  so  with  dusty  ores,  especially  the  "  leached  ores," 
p.  1182.  Even  these  cause  difficulties  only  in  the  lead-cbambtir 
process;  they  require  1^  times  as  much  dust-ehamber  space  as 
ordinary  hand-furnaces  for  smalls  and  sometimes  mechanical 
draught.  In  the  case  of  contact-processes  and  of  wood-pulp  they 
can  be  applied  without  reserve,  since  the  gases  must  be,  anyhow, 
thoroughly  washed  for  these  purposes.  [Opinions  respecting 
these  furnaces  are  still  very  much  divided,  as  proved  by  various 
attempts  at  overcoming  the  dust  difficulty,] 

P.  364.  Mechanical  furnaces  for  blende. — In  Eng,  &  Min. 
Journ.  1900,  p.  261,  a  description  ol!  Zellweger's  furnace  is  given, 
the  principal  peculiarity  of  which  is  a  roller-shaped  stirrer.  It 
turns  out  30  tons  iu  24  hours. 

P.  456.  CooHnff  the  gases  in  chambers.— Vra.tt  (U.S.  P.  715,142, 
Dec.  2,  1902)  cools  the  chambers,  towers,  flues,  or  conduits  by  a 
cooling  medium  without  briugiug  them  directly  into  contact  with 
the  latter ;  also  the  hot  uncombined  gases,  which  are  then  passed 
again  into  the  chamber. 

P. 477.  Reaclion-towers.—B^he  (Zsch.  angew.  Ch.  1903,  p. 437) 
makes  general  observations  on  the  principles  on  which  modem 
towers  are  constructed.  He  also  describes  a  feeding-arrangement 
with  automatic  movement  and  arrangements  for  internal  cooling 
of  such  towers. 

P.  499,  Pipe-towers. — Hart  and  Bailey  (J.  Soc.  Obem.  Ind. 
1903,  p.  473)  describe  a  plan  exactly  similar  to  Hacker  and  Gil- 
christ's pipe-towers,  only  of  somewhat  larger  dimensions.  They 
found  a  cooling-action  of  nearly  40°  C,  an  increase  of  production 
of  60  per  cent.,  and  a  decrease  of  nitre  of  from  35  down  to  almost 
2-0  per  cent.  All  this  agrees  perfectly  with  the  views  first  clearly 
stated  by  the  author  of  this  book.  The  acid  scrubbed  out  iu  their 
pipe-towers  contained  practically  no  nitre.  [They  state  the  strength 
of  this  acid  to  vary  between  90°  and  120°  Tw.,  but  they  do  not 
distinguish  between  the  reactions  shown  by  the  lower  and  the 
higher  of  these  strengths.  While  at  the  lower  strength  no  "nitre" 
could  be  retained,  it  is  inconceivable  that  acid  of  120°  Tw., 
condensed  from  the  vesicular  to  the  completely  liquid  state  in  an 
atmosphere  of  nitrous  fumes,  should  not  contain  any  nitre  I] 

P.  509.  Aq  instrument  for  mechanically  calculating  the  weight 
of  sulphuric  acid  in  the  chambers  is  described  by  C.  Davidson  in 
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Chem.  News,  Ixxxvii.  p.  205  (also  Journ.  Soc.  Chem.   Ind.  19IJ3, 
p.  625). 

P.  543.  The  introduction  of  water  as  spray  (in  the  "  atomiied^ 
form)  is  strongly  advocated  by  Eestner,  especially  according  to 
Benker's  plan,  described  in  the  text  of  this  book  (J.  Soc.  Chem. 
Ind.  1903,  p.  334). 

P.  560.  Fan-blasts  for  producing  draught  in  chambars.— 
Petschow  (Zsch.  angew.  Ch.  1903,  p.  12)  quotes  soine  misad- 
ventures with  fans  made  of  stoneware.  Plath  (ibid.  p.  159)  and 
Niedenfiihr  (p.  161)  controvert  his  statements  and  prove  the 
success  of  such  fans.  As  built  by  the  Vereinigte  Thonwaarenweiie, 
of  Charlottenburg,  they  perform  a  duty  of  120  cub.  metres  or 
4200  cub.  feet  per  minute.  Petschow  (ibid.  p.  304)  practically 
yields  the  point. 

Kestner  (J.  Soc.  Chem.  Ind.  1903,  p.  333)  strongly  advocates 
the  use  of  fans  for  working  acid-chambers.  He  prefers  placing 
them  at  the  end  of  the  system,  between  two  Gay-Lussac  towers. 

Niedenfiihr  (G.  P.  140,825,  March  27,  1902)  places  a  fan 
between  two  Glover  towers,  the  first  serving  mainly  for  cooceo- 
tration,  the  second  for  denitrification. 

P.  573.  The  measurement  of  the  velocity  of  a  current  of  goi 
can  be  carried  out  by  measuring  the  pressures  before  and  behind 
a  throttling  arrangement  interposed  in  the  conduit-pipe.  On  this 
principle  is  constructed  the  instrument  of  Dr.  H.  Babe  (G.  P. 
111,019)  described  in  Zsch.  angew.  Ch.  1900,  p.  236;  1901,  p.  950; 
1903,  p.  136. 

P.  618.  Kestner  (J.  Soc.  Chem.  Ind.  1903,  p.  337)  discusses 
various  systems  of  atUomatic  acid-elevators, 

P.  734.  Path  which  the  gases  travel  in  the  chancers. — ^Porter 
(J.  Soc.  Chem.  Ind.  1902,  p.  476)  describes  experiments  made  with 
a  glass  model  of  a  chamber  in  which  he  produced  a  visible  smoke. 
His  experiments,  which  were  certainly  made  under  conditions 
widely  differing  from  those  existing  in  an  acid-chamber,  are  in 
practical  agreement  with  the  ideas  specified  in  the  text. 
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Electricity  for  the  manufacture  of  nitric  acid,  14i,  1188 ; 
lag  sulphuric  acid.  804  ;  for  the  manufacture  of  fun 
B72j  for  the  manufacture  of  sulphuric  acid,  1100. 


Galena,  working  for  SO,,  SI,  82,  SS. 

Hacker  and  Gilchrist's  pipe-towers,  4' 

Oil  of  vitriol  made  by  the  bell,  S. 
Oker  smelting  works,  sulphur  ores  bu 
Oleum  furnaces,  961. 


.;  mixing  chamber.  912. 

Sheet-board  for  erecting  lead  chambers,  437. 

Subllraiog  of  sulphur  in  brimstone  burners,  270,  271,274,  277;  in 

pyrites  burners,  817,  S19 ;  in  burners  for  H^.  309;   in  making 

calcium  bisulphite,  401. 
Sulphate  of   sods.,  conmection  with  alkali  manu&cture.  6 ;   with 

glass-making,  5 ;  a9  by-product  from  the  copper  extraction  pro- 
cess, 1162,  1163,  1164. 
Sulphates,  precipitation  by  barium  chloride,  64 ;  previous  removal  of 

iron,  66,  67,  69;  volumetric  estimation,  70.  71  (  behaviour,  202 ; 

application  for  the  manufacture  of  fuming  O.  V.,  9S5,  988,  992 ; 

for  the  manufacture  of  sulphuric  acid,  1097. 


314,  31W,  ^al^aal,  332,324;  M  welt-    I   Aqueous -rapoM    i 
burner*.  314 :    to    burners    tor    Bul-  wnd,  195. 
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B,734. 


the   path  of   the 


Absorbing-bottlFB  or  buibi  Tor  teedng 
gaaak  417.  738,  744, 747. 

Anorbing  aulphnrio  KchTdride  in  the 
contact-proMM,  1022,  1CI56,  1061, 1065, 
1067, 1076,  1081, 1083, 

Add:  diatribution,  i.  thisi  regulatitig 
■opplj  to  Osj-Lussac  tower,  ■')99 ; 
pumping.  I,  tbi>;  etrength  kad  tem- 
p«rntiire  for  Gay-Luamc  tower,  620; 
cooling-npparatus  for,  020,  622;  quan- 
titf  need  for  Oay-Lueuc  tower,  6;i3; 
atrength  for  Glcner  tower,  663  ;  forma- 
Kon  in  GlOTor  tower,  668  («.  this); 
impurities  in  tower  acid,  673 ;  strength 
of  chambet-  and  drip-acid»,  ^7. 

Aoid-di^be^  tn  Trnye. 

Aoid-drips,  506. 

Aoid-eggs,  007;  automatic.  611;  com- 
trination  of  two  or  more,  614. 

Aoid-proof  brioks,  646.  646. 

Add-smoke,  a.  Soiioiis  Tapours. 

Aoid-Caoks,  619. 

Acid-tar:  recoTetjof  acid  from, 606, 896; 
bj  Tacuum -retorts,  916;  manufacture 
of  fuming  0-T.  from,  967 ;  SO,  from, 
1091. 

Acid-wbeel.  593,  603. 

Acids,  ill  emoke,  156,  370  (s.  Sulphur 
dioiide)  ;  testing  for  total,  in  buroer- 
gu,  416;  in  exit -gases  from  tbe 
chambers  or  Oay-LuBsac  tower,  629, 
736;  teiting  for,  736  (b.  Teiting);  ab- 
sorption of  these,  630;  in  chambers 
(s.  Cbamber-acid) ;  prescriptions  of 
Alkali  Makers'  Afito<^ation,  743;  in 
gases  from  concentrating- pans,  816. 
817  ;  from  glass  retorts,  843. 

Agitating  -  lessel  for  the  gas -volumeter, 
261. 

Air;  supply  to  pyrites  lump -burners, 
314,  319,  320,  321,  322,  324;  to  shelf- 
tmrners,  314 ;    to    burners    for    sul- 


phuretted hydrtwen,  369,  370;  to 
chambers,  677  (s.  Draught);  admitted 
direct  into  llrst  chunber,  553,  683; 
excess  of,  required  for  contact-pro- 
cesses (s.  these) ;  drying  for  contact- 
rrocesses,  1 068 ;  nitric  acid  from, 
186. 

Air  used  for  diluting  chimney-gasee.  to 
diminisb  their  acidity,  371.737;  intro- 
duoed  into  tbe  first  chamber,  553. 

Air-pumps  for  pumping  ooida,  605,  606  ; 
exiiaust-steam  from  these  for  feeding 
chambers.  531,  606. 

Alkali  manufacture,  deSnition,  3;  use  of 

Iroducts,  3;  importanue,  3. 
ah-waste,  SO,  from,  88. 

Alkali-waste  for  precipitating  arsenic, 
789;  for  preparing  sulphuretted  hy- 
drogen, 830. 

Alumina  for  absorbing  SOj,  376;  in 
GlOTer-tower  acid,  674, 

Ammonia  ss  raw  material  for  tbe  manu- 
facture of  nitric  acid,  144,  U87. 

Ammonia-soda  aab,  influenoe  in  alkali 
manufacture,  4. 

Ammonium  snlphale  as  impurity  in  sul- 
phuric acid,  248  ;  treating  gases  from 
the  manubcture  of,  368. 

Ammonium  sulpbale:  action  in  rem OTing 
arsenic  by  distillation,  T86 ;  employ- 
ment for  lemuTul  of  nitrogen  acids 
from  sulphuric  acid,  803. 

Anemometer:  use  for  regulating  pyrites- 
burners,  322 ;  P^clet's  differential  ane- 
mometer, 562 ;  Fletcher's,  562  ;  Swan's, 
570;  Tarious,  571  ;  Seger's,  572. 

Anthon's  table  for  mixtures  of  sulphuric 


r,  190. 


Antimony  in  lead,  bebariour  t'jwards 
sulphuric  acid,  206,  207.  208,  209, 432. 

Applications  of  sulphuric  acid,  1169. 

Apron  for  Olover-tower  foundation,  646. 

Aqua  regia  for  decomposing  pyrites,  63, 
64. 
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Amui^ment  of  acid-works,  928. 

Anenic:  detection  in  sulphur,  31,  1180; 
pr««eiiae  in  pjrites,  49.  50.  56,  57,  58. 
782;  eatimation  in  pyrites,  77  ;  ocour- 
reooe  in  zinc-blsnde.  80 }  in  flue-dust, 
391 ;  compound  with  sulphurie  anhy- 
dride, 391 ;  condensation  bj  cooling, 
394;  influcnoe  on  sp«o.  grav.  of  sul- 
pburio  acid,  189 ;  deteotioa  in  eulphuric 
Bcid,  24S,  793,  1169-,  estimation  in, 
252,  1189 ;  fncdom  of  brimstone-acid 
from  At,  410;  in  Glover-tower  avid, 
S73,  783,  784 ;  in  sulphuric  acid,  761, 
7M;  in  hydrochloric  add,  783,  7W : 
injurious  action,  781,  784,  785;  acid 
abeolutelj  free  from  arsenic,  785;  re- 
moval by  distillation  of  the  acid,  78B  ; 
recaovnl  as  trichloride,  787;  precipitn- 
lion  as  Biilphide,  788:  bv  bariuiu  sul- 
phide, 788;  by  otlier  liilphides.  789; 
by  t1iiOHulphalej4,  789 ;  hy  ffOAeous 
hydrogen  sulphide,  790 ;  results  ob- 
tained, 791  ;  Freiberg  prooees,  791  ; 
generation  of  EjS,  792  ;  precipitation 
in  the  Freiberg  tower,  793  ;  testing  for 
reoult,  793;  Altering  and  washing  the 
sulphide.  796;  other  processes,  799 1 
purification  of  siilpliide,  799 ;  complete 
reoioTol  injurious  to  lead  pans,  801  ; 
cost  of  treatment  for  arsenic.  801, 9.'>7. 
Araenic  in  con  tact-processes,  984,  lOUB, 

1013.  1049,  1056,  1069,  1073,  1U82. 

Arseninretted     hydrogen    in    plnmbers' 

machines,  poisoning  by.  435  ;   forming 

in  iron   pipes  and  acting  aa  oontaot- 

njon,  1015. 
tosceuient,  120,  ril9. 
Asbestos,  coated  with  platinum,  as  cootact- 

Bubetanoe.  e.  Flaliniied  asbeslos, 

Aah-pit  of  pyrites-burners,  S03;    special 

arrangements  for  discharging  cinders 

without  nuisance,  303,  304,  3U,'i,  307. 

Atmospheric  nitrogen,  nilric  acid   from, 

im. 

Atmospheric  preKsure  and  temperature, 

influence  on  draught,  683. 
AuHsig  shelf-burner,  3"" 


Avidity  of  sulphuric  acid,  201, 


Badische  Anitin-  und  Sodafabrik,  manu- 
facture of  fuming  sulphuric  acid,  1012, 
1028. 

Bags  containing  nitrate  of  soda,  treats 

Balanoing-apparatns   for  regulating    the 

supply  of  acid,  599. 
Balls  of  pyrilea-snialls,  328,  331. 


Barium  chloride   for    precipitatiDg  la- 
pbates,  64. 

Buium     sulphate,     precipitation.     64 
woBhing,  65 ;  removal  of  iron,  Ai. 

Barometric  pressure,  influetlce  ondrso^ 
683.ft86. 

Bate   t   Orme'i    process   for    conden^iu 
nitric  acid,  1184. 

BaumS's  hydrometer,  170. 

Beer-score,  781. 

Benker's  perforated  straps,  441 ;  BOd- 
cbambera,  458  ;  reaction-toirsT*,  44;' 
spray-prodncera,  540;  chambers  i.r 
high-preasure  work,  543;  QaT-LusBr 
tower,  591;  introduction  of  SO.  int- 
the  tower.  628  ;  ditto  beforv  tbe  tower 
a  porcelain  disiii>s. 


Bettenhauien  cone-towera,  500,  Goo. 
Bismuth  in  lead,  behaviour  tovrard  sal- 

phurie  acid,  206,  a08,  210,  432. 
Bisulphite  oflime,  bumera  for,  283.  2»r.'': 
hy  means    of   hqaid  S*.' 
ngbum  '  - 

.     .       ,  397  ;  I 

gases  for  this,  401. 
Blair's  brimstone-burner,  277. 
Bleaching  nitric  acid.  127. 
Blende,  a.  Zinc-blende. 
Blind     Turn  aces     for     copper«itractioii. 

1126. 
Blowing-out  of  gases  from  pyrites-klluT 

304,  306,  307. 
Blowpipe   for  huming    lead,  433,  434 

with  oiyhydrogen,  436. 
Blue  billy,  s.  Purple  ore. 
Blue  bricks  for  lining  Qlover  tower,  64"'. 
Boats  for  carrying  add.  926. 
Boheinisn  process  for  tbe  maDufactiire  cf 

fumine  sulphuric  acid,  960 ;  oast,  964. 
Boiling-down  pans,  a.  Ooncentrating-puu- 
Borio  acid  For  the  preparation  of  fumiu; 

O.V.,  969. 
Battles,  iron,  for  sending  out  SO,.  386. 
Breaking  pyrites  by  hand,  286;   In-  ma- 
chinery, 287. 
Bricka    for  lining  and  packing    Qlonr 

towers,  645,  646.  653,  654. 
Brickwork  of  pyrites-burners,  307. 
Brimstone,  r.  Sulphur :  historical  notes  m 

first  use.  14  ;  as  raw  material  for  S^. 

14;   for  bisulphite  paper-pulp.  15,  ^t. 

28.^> ;    burners   for,    s.   thi» ;     quantity 

burnt  per  square  foot.  270,  274,  279' 

comparison  with  pyrites  as  material  for 

acid-making,  409 ;  eilenl  of  use.  410 
Brimatone-acid,  410;  new  j^arlu.  IITS. 
Brimstone-arid:  applied  to  acid  not  mailr 

from  brioiBtime,  801 :  oott  of,  946, 9."'7 
Brimatoue-bumers,  268;   old  style,   26t*. 

improved  burners,  271,  ^2  i   tMroen 
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with  boilinc-<towii  i 
Suhre.2T4;  Blair^ 
"  "  ;   de  Hemplinn 


SEi, 


liDf    gm    Srom,  S8G ; 
with  Qlover  towen.  290,  666. 

Brown  oil  of  litriol,  805. 

Bruciue.  250,  267. 

Buildings  for  lead-chambers,  460. 

Bultv-nitronieter,  97. 

Biilbs   for  weighing  fuming  O.V.,  229, 
242. 

Bulb-Up  pipette,  241. 

Bumping,  preTBiition  of,  807,  fi08. 

Bunjanoj  of  goKs  in  towen,  685. 

Burgemeistai'B  oooling-ahans.  477.  496. 

Bumer-gM:  tMing.  324,  411 ;  for  SO,, 
411;  for  total  acids,  4 16 ;  for  oijgen, 
417;  cooling,  286.  388:  utiliiation  of 
heal,  380 ;  eompoution  of  gaa  from 
brimstone,  397,  679,  oalciilation  of 
draught.  544;  do.  from  pjrites,  309, 
1170,  calcaUtion  of  draught.  547 ;  do, 
for  calcium  bieulphite,  461 ;  do.  from 
zino4)lende,  401 ;  sulphuric  onbrdride 
in,  402;  actual  percentage  of  80,  in 
burner-gas,  407  (iulluence  of  nitroEen 
acids,  407 ;  in  pnor  ores,  408,  4W) ; 
temperatare,  408,  409;  passed  tbrounfh 
Oloier  toner.  641 ;  manufacture  of 
Hulphurio  anbrdridD  from.  989,  904, 
1013,  1026,  1059,  1074;  purification 
of,  for  that  process,  1016,  1023,  1031, 
1061,  1065,  1060.  107S,  1078,  10fi2; 
drying  for  that  purpose,  1068. 
Burners,  r.  Pyrites-bumara. 
Burning  lead,  11,  4S3;  horizontally,  436  ; 
perpendicijarly,  436  ;  nith  the  oi;h>- 
drogeu  flame,  436;  with  water-gas, 
■■""        1   GloTOP   towers,  647:    thick 


sheet 


,647. 


Burnt  ■  ore,  testing  for  sulphur,  75 ; 
i.  Pyritee^cinders  and  Cinders. 

By-products  of  the  mAnul'acture  of  sul- 
phuric acid,  110^;  cinders  from  non- 
cupreous  pyrites  for  road-making,  1 1 02 ; 
for  absorbing  H,S  or  NOI.  1102,  1103; 
for  the  manutkolure  of  iron  compounds, 
1103;  of  metallic  iron,  1104;  of  line. 
HOT:  thallium,  1110;  selenium,  1113; 
copper,  $.  this. 


C. 

CalcintDg-funiaees  for  copper  eitraction, 

1121;  >.  Furnaces. 
Calcium  sulphate  for  the  manufacture  of 

sulphuric  add,  1007,  1098,  109'.>. 
Caliche,  21,  92. 
Caput  moTtuum,  963,  964. 


Carbon  dioxide,  influence  on  manufacture 
of  sulphuric  acid,  SH.  32o,  369, 735. 

Carbon  disulpbide,  solubility  of  sulphur 
in,  32 ;  for  Usting  gas  oxides.  86. 

Carboys   for  nitric  acid.   145 ;   for  sul- 

Shuric  acid,  920;  contrirancts  for 
Uing  and  emptying,  922.  929. 

Carboy-hampers  and  tnt«,  921. 

Carboy-emptierK.  503,  506,  922. 

Casoadee,  519, 521 ;  for  denitration,  636. 

Oast-iron,  beha*iour  towards  sulphuric 
acid,  203,  206,  206. 

Cast-iron  pans  for  oonceatrnting  acid,  881 ; 
protection  by  enaoiet,  899;  in  other 
ways,  900. 

Catalyticreactions,  12  ;  of  nitrogen  oxides 
in  the  cliambeF-process,  6!l7,  773;  gene- 
ral laws,  777;  first  discoTerj-,  978; 
s.  Con  tact- process. 

Catalytic  substances, s.  Contact-substances. 

Cement  for  nitrio-acid  manufacture.  12U  ; 
asbestos  cement,  1 20. 

Centralised  working  of  Oav-LussBC 
towers,  C03. 

Centrifugal  dust-catober,  30.'>. 

Ohamberr.  t.  Lead  chambers. 

Chamber-acid:  used  for  Glorer  tower, 
663  :  strength,  687,  602,  U93  ;  testing 
for  nitre,  699,  701;  analyses.  700; 
depth,  721  ;  rale  of  formation,  725. 

Chamber-bottom,  445. 

Chamber-building,  448, 932. 

Chamber -crystals,  215;  application  for 
the  manu&cture  of  fuming  sulphuric 
acid,  972  ;  ).  Nitrososulphuric  acid. 

Chamber-eiit£,  teeling,  736. 

Chamber-fittings,  501. 

Chamber-gases,  Tolume  cccording  to 
temperature  and  moisture,  573:  dis- 
tribution of,  722,  730 :  composition  of, 
728.729;  mixture,  472,  476. 477.  478, 
627,  732 ;  path  in  which  they  travel. 
734 ;  duration  of  passage  through 
chambers,  735. 

Chamber-plant,  dri-angement.  928. 

Ohamber-proeess:  distribution  of  gases, 
722,  730;  nU>  of  tranaformatiou  of 
SOr  725.  730,  731 ;  mixture  of  gases 
in  chambers,  732 ;  path  of  the  gaves. 
734  ;  duration  of  passage  of  gases,  73.'i ; 
tBstingchamber-eiits,  736;  Aeorj-,  750 
<..  this). 

Chamber  -  procesH,  675  ;  storting,  67.'' ; 
avoiding    water   as    lute,    676;    i 


,    077; 


stoppage  fur  repairs,  677  ;  Supply  of 
air,  G77  ('.  Draught):  of  water  or 
Bleam,  686;  strength  of  acids.  687; 
supplv  of  walpr,  69i">:  irregular  work. 
705;  temperature  (e,  this);  depth  of 
acid,  721 :  general  remarks,  722. 


1198 


ALFtlABETECAL  INOI 


C1iainb«r«pace.  r.  Cubic  apace  :  diminish- 
ing, proposals  for,  471  ;  bv  lue  of 
oijgen,  471  ;  by  uiing  a  large  quantity 
or  nitre.  472 ;  by  mixing  and  c<>o!ing 
the  gases,  472,  476,  477 ;  by  multiplj- 
ing  aurfaceB,  472;  bj  Ward's  glau- 
sheets,  473 ;  by  partilioin,  474  ;  by 
coke,  47.') ;  by  renetion-lowere,  47tl, 
477,  e.  Plate-towera, 

Cbaniber-Utp,  Eoglisb  faehion,  442 ;  Con- 
tinental faabion,  444. 

Charcoal  I'or  taking  SO.  out  of  gasea,  S79. 

Chemical  lead,  207.431. 

CliBinical  losa  of  nitre,  6ii8. 

Chimney  for  producing  drauglil  in 
chamber,  D50;  one  chimney  for  two 
or  more  systems,  552. 

ChimneTS  for  carrying  airay  smoke,  371- 

Cblorine  obtained  together  iritb  nitrous 
gases,  529. 

Ghlorine,  connection  irith  alkali  manu- 
facture, 5. 

Chromium  oxide  aa  catalytic  agent,  97S, 
1025. 

Cinders  from  p}'rites  burning:  discharg- 
ing, 301 ;  prflrentine  nuisance,  30U, 
304.  305,  307;  sulphur  left  in,  314, 
ai5,  316,  317,  31S ;  eiaminution,  31(! ; 
testing.  316;  use  for  road -making, 
1102  ;  for  abnorbing  H  S  orHCl,  1102, 
1103;  for  mnnuiacluring  ferrous  sul- 
phate. 1103;  for  ferric  sulphate  or 
chloride,  1103;  for  paint,  1103,  UOl; 
for  smelting  iron,  1104;  for  zinc, 
1107;  thallium.  1110;  selenium,  1113  ; 
copper,  f.  Oopper-eitraction. 

Cinders  from  non-cupreous  pyrites,  i>oui- 
posiUon,316, 1 106, 1 11^2 :  from  cupreous 
ores,  composition.  1118;  grinding, 
1121  ;  roasting.  1121  (a.  Copper). 

Circular  lead  chambers,  455:  circ.  Gay- 
LuBsoc  toirers,  f-BL 

Clorilying  aulphurio  acid.  782. 

Claus  -  Chance  gases,  etc  Sulphuretted 
hydrogen  :  SO^  from  waste  gases  of 
that  process,  lOSl. 

Olay-bnlls  of  pyrites-smalls,  328. 

ClaTlon  Anilme  Co.'s  avstein  of  conceiv 
irating  acid.  88fl. 

Coals,  red-hot.  for  taking  SO^  out  of 
gasoB,  379. 

Coal-brasses,  41,328.  73.1. 

CriBl-smoke,  absorbing  SO^  from,  370. 

Coarse  metal,  working  for  SO,,  81,  85. 

Coke :  reducing  uction  ou  nitrososul- 
phurie  acid.  231,  485,  ,■«.),  624,  626, 
710;  employment  for  increasing  con- 
tact-surface in  chambers,  475:  com- 
parison with  Lunge  plates,  481;  as 
packing  for  Qav-Lussac  towers,  5&4, 
oS7,   710;    for  "Glorer    lowers,  652; 


objectionable  o 
1:0^  in  chambers,  73 

Colcocbar,  963, 964. 

Colo  ri  metrical  test  for 


510,  551, 554. 698 ;  of  tower«c:d.~>- 
caused  by  NO,  805 ;  bj  eelmium.  •" 

Coloured  acid,  treatment  of,  W5. 

Cumpreased   air  for  pumping  acid,'" 
006. 

Concentrated    ncid,  costs   of,   9ii>.  ^-' 
954,  056. 

Concentrating  pans,    lend     for,    'M^. 
sulphur^burnen,  271,  28U  ;  on  pm:^ 
burners,   310;  specially    healed." -l 
heated  from  the  top,  812  ;    by  gai-p 
ducers,  817  ;    pans  lieated  wiih  bo:: : 
heat,817;ofcaBtlesd,818;   Gris°.- 
822;  drawinga  of  theee,  83^:   Okl. 
822;  for  higher  coneentt«tioii»,82:l'^  ■ 
pans  heated  by  waste  heat  of  pj?- 
kilns,  823;  of  brimstone-bomml ^r 
sienm-pans,   826,   832;     nitli    (uE 
arrangement,     831 ;      combined 
platinum  dishes,  833. 

Concentration    of    eulphui 

GloT -'■'       •- 


',   643.   064.    (W6,  < 


general  remarks,  810 ; 
Tapoursevolred  in.811.816:  inlcL- 
vessels,811(i.ConcentrBtiDg-nBnf-  : 
waste  heat,  tJ23;  by  steaiu,  U29:  1- 
i.-uncentration,834:  strong  acid  nmv 
GloTer  tower,  834 ;  neceaeitj  for,  ^'> 
rectified  O.V..  t.  this;  glaic  rv:.' 
8.16 ;  porcelain  Teasels,  84S  ;  cows,  -. 
825. 630.  833,  845,  847,  848. 

Concentration  of  acid  (3.  ConcenlH'i  . 
pans) :  iu  porcelain  dishes,  8^,  <■ 
in  glass  or  poivelain  beakers,  851.  >- 
855;  in  platinum  stills,  S5t>  {i.  tb- 
in  gold-liued  platinum,  877 ;  in  :- 
lessels,  881  (s.  Ibis);  in  eBaoKL- 
panB,8»9;  by  hot  gasea,  901  ;  Kea.': 
furnace.  901;  by  kilii-gaaes  {Zanr^- 
pans),  POfl;  Quinans  plan.  012 
vacuum -retorts.  913;  by  elect  i*- ' 
913;  by  freezing  918;  genpisl  - 
marks.  917. 

Condensing  gases  in  cfaauiber*.  47. 
eases  from  copper«xtraction  un-.— 
1138. 

Gone-towers.  500,  655. 

Connecting-tubes  for  chambers,  4I>4. 

Contact  between  gasea  and  liquids.  ." 
578 ;  ste  Plate-tower. 

Contact-furnaces:  atLudnig^liafen.  I' 
1018,  1020;  at  Hoclist.  lOSS.  !■ 
1045;  Schroeder-Qiillo'o,    UV-t^.  l-- 


ALPHABETICAL  INDKX. 


1199 


lOtil,  IU63;  at  Mannheim,  1071;  at 
Freiberg,  1076;  IUbe'>,1079;  rarioui, 
1083,  1080. 
Contaot-pouoiu  :  water,  981,  1000,  1008, 
1073;  aiMDic,  9S4,  1008,  1013,  1015, 
1031,  l(M9,  10(12.  1065,  lOWJ,  1073; 
ruercur;,  1013 ;  pboephoru*,  1013 ; 
Mlenium,  tellurium,  1049 ;  lilicoQ 
l«tiBfliioride,  1062;  varioua,  1049, 
1066. 
Contact-proceuea  :  a.  Abtorbing  gulphuria 
onhjdride.  Burner -gas,  CoDtoat-sub- 
atances.  Cantoot-puiaons,  CuntocC-fui^ 
ntusea,  Prmur«,  Temperature,  Hut  of 
BCid,  Water,  Pjritee-buraers,  Cooling 
gaae^  Drying  gasBB. 
Contaoproceues :  coat  of  aoid  mode  hj 
this  proceu,  953;  hiatorical  evolution, 
')73  ;  generalization  b;  Beraeliua,  974 ; 
npplieatioa  to  the  production  of  SO, 
by  PhiUipi.  975;  subsequent  iavesti- 
•pitiona,  975 ;  Schneider's  prooeaa,  976 ; 
proceaaea  bj  Jnlliun,  Fetrie,  Thom- 
thwaite  nitb  platinized  asbestos,  977  ; 
Piria.  977;  Laming,  977;  first  ap- 
plication to  fuming  add,  977,  961 ; 
Bloudeau.  Woehler  II  MahK  978; 
Kubb,  Trueman,  SchiDeraahl  II  Bonck, 
Petrie,  Hunt,  979;  Plattner,  Betcb, 
Deaoun,  980;  tiew  en  inaugurated  br 
Winkler  in  1875,983;  Squire  &  Meaael'a 
prooeas.  983 ;  Winkler'i  prooeaa  of  1RT5, 
9S4 ;  effect  of  his  publication,  986  ;  first 
commercial  manufacture,  988 ;  bj 
Jacob,  «t<8;  iu  Tbann,  989;  from 
Sicilian  sulphur,  1)89  ;  developnienC  of 
Winkler's  prooeas,  990  ;  modificationa, 
1192 ;  prooeaa  of  Schroeder  k  Haeniaoh 
ivitli  pure  80„  993;  S0„  from  pjrites- 
burner  gaaea,  99i) ;  preaeot  state  of, 
1011;  procew  of  the  Bodische  at 
LndwigsWen,  1012  ;  of  IbeFarbwerke 
at  ll^st,  1039  ;  of  SchroederOrillo, 
11)57 ;  of  the  Mannbeimer  Verein, 
1067 ;  Freiberg  proceee,  1073 ;  Rabe'a 
proce*,  1076. 
Cijntact-pronoeacB,  theory :  Tieirs  of  Ber- 
zeliuB,  Liebig,  996 ;  Bunaen,  Oitwald, 
997  ;  behayiour  of  ferric  oiide,  997  ;  of 
platinum,  999  ;  views  of  Saokur,  999  ; 
part  played  by  water,  1001) ;  work  of 
Kniatech,  1001 ;  of  Erode,  1007  ;  of 
Lunee  &.  PoUitt,  1008;  maiimum 
vietd  theoretically  obtainable,  1009 ; 
action  of  Taponr-teuaion  of  aulphatea, 
101 1 ;  inSuence  of  preaaure,  992, 1020, 
1038,  1042;  conalanls  of  equilibrium, 
1043;  temperature,  8.  this;  velocity  of 
rcaotiOD,  1017;  eioeaa  of  air  required 
lor. 981,  999,  1001,  I0U7,  1010,  1013; 
dividing  th*  proceaaea  in  two  stages. 


1050,   1070;  combination   with  deeul- 
phuPiiing  pyritBB-cinders.  1052. 
Contact-anbstancea :   piatinuni,  973,  97j, 

977,  983,  999,  1020,  1021,  1049,  1058, 
1060,  loai,  10«3,  1064,  1070,  1075, 
1086,  1089,  1093  ;  regeDeration,  1022, 
1056,  10A2,  1063,  1065;  palladium, 
iridium,  1049  ;  pumice,  979  ;  oiidea  of 
iron,  copper,  chromium,  978,  979,  998, 
1006.  1O08,  1035,  1038.  1048,  1067, 
1073,  1087,  1090;  silioa,  979,  980. 
1048.  1049;  vanndic  acid,  1048,  1089; 
varioui,  1048,  1087,  1088,  10S9. 

Continuous  proceu  of  H.A.  manufacture, 
Qrst  iDtroduatian,  10. 

Oooling  the  gas  from  sulphur-burners, 
286;  from  pyrites-burners,  3S8;  cooling 
dust-chauibers,  394;  aoid •  chambeca, 
456,  472,  479,  1193;  gas  in  plate- 
towers,  48S ;  gas  for  Gay-Lussac  towers. 
620  ;  add  for  same.  620  ;  by  air.  623  ; 
inlet -pipe  for  Glover  tower,  649; 
saucer  of  QEovBr  tower,  648 ;  cooling- 
action  of  chamber -walls,  715.  720; 
cooling  acid  from  Faure  &  Keaaler 
stills,  871. 

Cooling  gases  for  oonlact-processee,  981, 
1014,  1018,  1019.  1033,  1078. 

Cooling'pipes,  e.  Pipes. 

Cooling -shafiB,  Bjrgemeiater'a,  477,  496. 

Cooling-worms,  i.  Worine. 

Copper,  obtained  from  very  poor  pyrites 
by  weathering,  49 ;  smelting  from 
pyrites  without  utiliiiog  the  aulpbur, 
j2  ;  iu  French  ore,  47  ;  in  Norwegian 
ore.  52 ;  in  SpuDiBh  ore,  54,  55,  56  ; 
estimation  by  ComiBh  aeaaj,  54 ; 
alloyed  with  lead,  behaviour  towards 
sulphuric  acid,  206.  208,  2U9,  432. 

Copper-matte,  s.  Matte. 

Copper-pyritee,  36;  working  for  SO,, 
81,  83. 

Copper-regulue,  39. 

Capper  for  taking  SO,  out  of  guaea,  376. 

Copper   oiidea  for   catalytic   processea, 

978,  1009,  102S,  1073. 
Copper-extraction  from  cinders,  5,  1 1 15  ; 

drst  attempts,  1117;  composition  of 
cinders  used  for  it,  1118;  grinding 
them,  1121  ;  calcining- or  rooating-fur- 
naces.  1121  (s.  Furnaces);  testing  pro- 
duct. 1138;  condensing  the  calcining 
gaa.  1138  ;  liiiviation  of  calcined  mix- 
ture, 1139;  liquors  obtained  ijiereby. 
1141  ;  purole  ore,  1141;  recovery  of 
lead,  1142;  compoeltion  of  copper- 
liquors,  11^,  1145;  process  at  Oker. 
1114;  precipitation  of  oopper  by  H,8, 
114C,  1160;  by  acrap^iron,  1147;  by 
spongy  iron,  1148  ;  capper  precipitate, 
1154  (».   tbisj;    extraction   of  silver. 
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1158;  waste  l^uors,  1UV2;  working- 
results,  11()5;  other  processes.  11  Ho; 
treatment  of  poor  ciudeis,  1167 ;  gene- 
ral, 1168. 

Copper  precipitate,  composition,  1154; 
.smelting,  1156;  refining,  1159. 

Cornish  assay  for  copper,  54. 

Cost  of  sulphuric  acid  in  the  18th  century, 
9 ;  of  concentration,  821 ,  825, 830,  833, 
845,  847,  848 ;  of  chamber-plant,  934. 
951 ;  of  plant  with  chambers  and 
towers,  935,  952 ;  of  Frenrrh  chamber- 
plant,  935 ;  of  acid  made  from  brim- 
stone, 946,  957 ;  from  pyrites  in  Eng- 
land, 947;  in  France,  948 ;  in  Germany, 
949,  950;  with  chambers  and  towers, 
9*i5;  in  America,  956,  1176;  by  the 
contact-process,  953,  1082 ;  of  concen- 
trated acid,  949,  953,  954,  955 ;  com- 
parison of  various  systems,  955. 

Costra,  91,  92. 

Critical  concentration  of  sulphuric  acid, 
173 ;  solution  of  SO3  in  such  acid,  175. 

Crust-s  formed  in  platinum  stills,  879. 

Cubic  space  of  chambers,  459,  460,  461, 
465,  4(>8,  469;  for  poor  ores,  470; 
tenus  of  expressing  it,  471 ;  diminish- 
ing, 8,  Chamber-space;  of  Gay-Lussac 
towers,  467,  580;  of  Glover  towers. 
467,  658;  comparison  of  these  with 
chamber-space  as  to  the  rate  of  form- 
ing acid,  671. 

Cupreous  pyrites,  39;  cinders  from,  s. 
Cinders  and  Copper^xtraction. 

Cupric  sulphate,  nitrous  vapours  in  the 
manufacture  of,  530;  as  means  for 
converting  SCj  into  sulphuric  acid, 
377,  1096. 

Cylinder  packing  for  Gay-Lussac  towers, 
586,  653,  655,  656. 

Cylinders  for  the  manufacture  of  nitric 
acid,  104,  107 ;  for  sending  out  liquid 
SO,,  386. 

Cylinder-cake,  104 ;  s.  Nitre-cake. 

D. 

Dampers  for  regulating  draught,  553. 

Dampers  for  preventing  the  blowing  out 
of  pyrites-burners,  305  ;  for  regulating 
the  working  of  pyrites-burners,  322. 

Damping  pyrites-burners,  314. 

Dampness,  influence  on  pyrites-burners, 
326. 

Dangerous  gases,  dealing  with,  587,  588. 

Davis's  statements  on  chamber-work,  469. 

Dead  corners  in  chambers,  454. 

Delplace*s  circular  chambers,  455 ;  plati- 
num stills,  858,  862. 

Denitration  of  weak  acids  from  nitrating 
processes,  142 ;  of  the  nitrous  vitriol, 


631 ;  by  shelf-apparatus,  632 ;  by  Gav- 
Lussac's  d^nitrificateur,  632  ;  by  water 
and  steam,  634;  by  cascades,  636;  bv 
steam-columns,  636;  by  the  Glov?r 
tower,  a32,  662  {see  this) ;  by  olb«r 
means,  674. 

Denitrificateur,  632. 

Depth  of  acid  in  the  chambers,  721. 

Designs  for  modern  chamber-plant,  961 : 
for  combination  of  cbamberB  and 
towers,  934. 

Diagrams  of  the  chamber-prooees,  731, 
769. 

Diphenylamine,  250. 

Discharging  pyrites  -  cinders  vrithout 
nuisance,  303,  304,  305.  307,  323. 

Discharging-boxes  for  spongy  iron,  115ii. 

Dissociation  of  sulphuric  aoid  and  iu 
vapours,  172,  201. 

Distillation  of  sulphuric  acid,  807. 

Distribution  of  gases  in  the  chambers, 
722, 730. 

Distribution  of  acid :  on  G^y-Luaaac  towa. 
592  ;  by  acid-wheel,  593. 603 :  by  over- 
flow apparatus,  595,  657 ;  Briegleb^s 
cone,  596 ;  other  apparatus,  597 ;  rego* 
lation,  .597,  668;  on  Glover  towen. 
657. 

Doors  of  pyrites-burners,  307. 

Draught  in  pyrites-burners,  reflation 
{9.  Air) ;  measurement  of  (s.  Pmsare- 
gauges  and  Anemometers) ;  in  Titriol- 
chambers,  production  of,  544  ;  calcula- 
tion for  brimstone-burner  gases.  544 . 
for  pyrites-kiln  gases,  .347;  efflBcts  of 
excessive  draught,  548, 680 ;  production 
by  outlet-pipe,  549,  650;  W  steam- 
injector,  549  ;  by  chimneys,  '550  ;  by 
Gay-Lussac  tower,  551,  &27 ;  by  fan- 
blasts  &c.,  559,  682;  by  gaa-siphoa 
from  Glover  tower,  682,  930 ;  ngula- 
tion  by  dampers  or  sights,  553 ;  auto- 
matic, 565;  indications  for  proper 
draught  in  chambers,  678;  effects  of 
excessive  draught,  680;  of  insuflicient 
draught,  680 ;  regulation  at  exits,  6S1  : 
effect  of  atmospheric  conditions,  68!> . 
quantitative  data,  683;  increase  by 
gas-siphon,  683 ;  by  diffe*«noe  of  level. 
(585;  uselessness  of  mathemalaoal  fox^ 
muUe,  686. 

Draueht-pipes  for  burner-gas,  388L 

Drawmg-on  acid  from  chambers,  601. 

Drips.  506;  strength  of  acid,  687,  691. 
692. 

Drying  gases  by  sulphuric  acid,  200 :  fcr 
contact-processes,  1068,  1075,  lOSa 

Dunlop's  process  for  producing  nitroi^ 
gases  and  chloriue  together,  529. 

Duration  of  passage  of  gases  through 
chambers,  735. 
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Du8t  (s.  Pyrites-smalls ;  Flue-dust). 

Dust-catcher,  centrifugal,  396. 

Dust-chambers  (a.  Flue-dust  chambers). 

Dynamical  theory  of  Hurter,  769 ;  im- 
possibility of  establishing  such  a  theory 
for  the  present,  779. 

Dynamics,  laws  of  chemical,  775. 

E. 

Enamelled  pans  for  concentrating  acid, 
899. 

English  red,  963,  964. 

Equilibrium,  laws  of,  775 ;  constants  of, 
for  the  production  of  SO3  by  contact- 
action,  1043. 1047. 

Escape  of  gaseti  from  chambers,  697 ; 
testing  for,  736. 

Escess  of  air  required  for  contact-pro- 
cesses, 981,  987  {8.  also  Contact-pro- 
cesses). 

Exhaust^team  for  feeding  the  chambers, 
531,  606,  644. 

Exit-gases  from  chambers,  testing,  736, 
739.743;  for  oxygen,  417;  for  nitric 
oxide,  748. 

Explosion  of  a  platinum  still,  881. 

Explosive  pyrites,  55,  77. 

Extra-concentrated  acid,  836. 

F. 

Faure  &  Kessler's  system  for  concentra- 
ting sulphuric  acid,  866;  cooler  for 
acid,  871. 

Feeding-apparatus  for  Gay-Lussac  tower, 
592. 

Ferric  chloride  from  pyrites  -  cinders, 
1103. 

Ferric  oxide  for  removing  sulphuretted 
hydrogen,  89  {a.  alto  Caput  mortuum) ; 
as  catal>^ic  agent,  978,  998, 1006. 1008, 
1025,  1038,  1848,  1067.  1090;  as  bY- 
product  from  copper  extraction,  1162 
(«.  also  Purple  ore). 

Ferric  sulphate  for  the  manufacture  of 
fuming  sulphuric  acid  by  the  Bohemian 
process,  961,  964 ;  artificially-prepared 
ferric  sulphate,  965  ;  by  aid  of  a  va- 
cuum, 96o ;  manufacture  from  pyrites- 
cinders,  1103. 

Ferrous  oxide,  manufacture  from  pyrites- 
cinders,  1104. 

Ferrous  sulphate  solution  for  testing 
chamber-acids,  699. 

Ferrous  sulphate  for  the  manufacture  of 
fuming  O.V.,  968;  manufacture  from 
pyritefrcinders,  1103. 

Ferrous  sulphide,  preparation  as  a  matte 
for  the  generation  of  HjS,  792. 

Filter  for  arsenic  sulphide,  796,  798, 800. 

VOL.  I. 


Filtering  water  for  spmy-producers,  538, 
543 ;  gases  for  contact-processes,  1061, 
1075, 1080,  1082. 

Fines,  s.  Pyrites-smalls. 

Fire-sases,  8,  Smoke. 

Fireplaces  for  conoentrating-pans,  819 
822;  for  platinum  stills,  €^,  866. 

Fittings  of  chambers,  501. 

Fletcher's  anemometer,  566. 

Flint-packing,  652. 

Floats  for  gauging  the  height  of  acid 
510. 

Flowers  of  sulphur,  16 ;  testing  (s.  Sul- 
phur). 

Flue-dust,  346,  351.  390 ;  composition, 
390;  from  blende,  391;  stopping>up 
Glover  tower,  673;  causing  impurity 
of  tower-acid,  673;  arsenic  in,  784; 
remoTal  for  contact-processes  {s.  these 
and  Contact-poisons),  982,  984,  986; 
thallium  from,  1110;  selenium  from, 
1113. 

Flue-dust  catcher,  centrifugal,  395. 

Flue-dust  chambers,  336,  338,  347,  348, 
392,  794. 

Fluorine  in  blende,  80 ;  in  pyrites,  49 : 
behaviour  towards  lead,  211 ;  detection 
in  sulphuric  add,  249. 

Forced  work  (high-pressure  stvie),  468, 
472,  497,  561,  581,  624,  6*26,  783; 
Benker^s  chambers  for,  543. 

Formation  of  sulphuric  acid  in  chambers, 
rate  of,  725,  780,  731 ;  theory  of,  760 
(s.  this). 

Foundation  of  lead  chambers,  623;  of 
Gay-Lussac  tower,  681 ;  of  Glover 
towers,  581,  646. 

Frame  of  lead  chambers,  426 ;  of  Gay- 
Lussac  towers,  581 ;  of  GloTer  towers, 
582.646. 

Frasch's  process  for  sulphur- extraction, 
18;  dust-burners,  348. 

Freiberg  kilns,  293. 

Freiberg  system  of  purifying  add  from 
arsenic,  790. 

Freiberg  tower  for  precipitating  arsenic 
sulphide,  793. 

Fresenius's  method  of  analyzing  pyrites, 
66. 

Fumes  of  nitric  and  nitrous  add,  injuri- 
ous action  and  protection  against  this, 
145 ;  of  sulphur  dioxide  and  other  acid 
vapours,  IM. 

Fuming  sulphuric  acid  {s.  Sulphuric  acid, 
fuming). 

Furnaces  for  copper  -  extraction,  1 121 ; 
gas-furnaces,  1121 ;  blind  roasters,  1126 ; 
combined  furnaces,  1129;  mechanical 
furnaces,  1129,  1136 ;  style  of  roasting, 
process,  1133 ;  for  the  manuiacture  of 
spongy  iron,  1148. 
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G. 

Galley-furnaces,  836. 

G^,  eTolution  of,  daring  the  action  of 
lead  on  sulphurio  acid,  207,  208. 

Gkui-fumaoes  for  oopper^ztraetion,  1121. 

Gas-oxides,  gas-sulphar  («.  Spent  oxide). 

Gas-producers  for  firing  lead  pans  for  pla- 
tinum stills,  866. 

GhM-siphon  behind  Glover  tower,  682. 

Gas-volumes,  reduction  to  normal  condi- 
tions of  temperature  and  pressure,  259. 

Gas-Tolumeter,  259. 

Gauges  for  the  height  of  acid  in  the 
chambers,  510. 

Gay-Lussao  tower,  invention,  11, 575, 576 ; 
as  means  of  producing  draught  in  cham- 
bers, 551;  long  connection-pipe  to  toMipr, 
552 ;    principle,    577 ;    packing,   577 
584,  5v0;  two  towers  in  series,  578 
586;    width,   579;    dimensions,   580 
cubic  space,  580 ;    foundations,  581 
frame,  581,  589 ;  circular  towers,  581 
582,    583;    regulation  of   feed,    599 
601,  602 ;   centralized  (Griesheim)  sys 
tem,    603;    pumping    acid    («.   this) 
working  the  tower,  620 ;   cooling  the 
gas,  6&,  the  acid,  620;   quantity  of 
acid  to  be  used,  623 ;  SO,  passed  on, 
626 ;  loss  by  wrong  draught,  628 ;  exit^ 
gases,  629;  proposals  for  other  appa- 
ratus, 631  ;  situation  in  arrangement 
of  plant,  931 ;    square    towers,  582 ; 
erection  of,  582 ;  re-packing,  585,  587 ; 
grids,   586,  589;   stoneware  packing. 
586,  590 ;  plate-towers  combined  with 
ooke-towers,  586 ;  central  towers,  587, 
603;  complete  design,  589;  thickness 
of  lead,  582,  589 ;  lining,  582.  589 ; 
distribution  of  feeding-acid,  592  (8.  Dis- 
tribution) ;  supply  of  acid,  598. 

Gerstenhofer  furnace,  332. 

Gill  kilns  for  sulphur-extraction,  18. 

Glass  beakers  for  concentrating  acid, 
851. 

Glass  bulbs  for  weighing  fuming  O.  Y., 
239,242. 

Glass  nozzle  for  spray-producers,  541. 

Glass  partitions  in  chambers,  474. 

Glass  retorts  for  concentration  of  acid, 
836,  838,  843 ;  protectors,  842 ;  escape 
of  vapours,  843;  continuous  plan 
(Gridley-Ohance),  844. 

Glass  sheets  for  filling  chambers,  473. 

Glass-works,  smoke  from,  dealing  with  it, 
372. 

Glover  tower,  introducing  fresh  nitric 
acid  through  it,  522,  526,  642,  644 ; 
objections  to  this  refuted,  522,  640; 
serves  as  a  chimney,  553 ;  complement 
to  Gay-Lussac  tower,  577, 632 ;  nistory, 


639 ;  objections  ntised  against  it,  ^ 
refutation  thereof,  639;  all  kilo-p* 
and  nitrous  gases  passed  throagfa  i 
641 ;  part  it  now  plays  in  acid-«<irii 
642 ;  functions,  643,  663,  667 :  ra: 
tions  in,  644,  668,  671  ;  principles  / 
construction,  644 ;  no  mortar  to  y 
used,  645;  lining,  645  (Volvic  Un. 
645,  66^);  blue  bricks,  645;  GersK 
bricks,  646) ;  construction  of  ssr  & 
651 ;  foundation,  646 ;  frame,  646,  RT^ 
661 ;  lead-work,  647, 660 ;  saucer.  647 
bottom,  647 ;  cooling  this,  648 :  Lj 
648 ;  top,  649 ;  inlet-  and  outlet-pdf^ 
649 ;  packing.  652  (flints,  652 :  ak.* 
652 ;  quartz,  (>52 ;  glass  or  st^uewf 
652;  cylinders  or  rings,  653,  6.V. 
656 ;  bricks,  653 ;  Knab's,  653 ;  Lost 
plates,  654;  Ni^enfiihr's  bri^,  o^M: 
656,  661,  662) ;  height,  657,  672;  de- 
tribution  of  acid,  657 ;  cubic  cxmieL'^ 
658;  description  of  oooaplete  to«rf% 
658;  circular  French  towers,  6^^- 
Liity's  towers,  660 ;  Niedenfah?^ 
towers,  661 ;  erection  side  faj  side  w-.'^ 
Gay-Lu8sac  towers,  662 ;  wnridne  j. 
the  tower,  665 ;  denitration,  463,  6r>7 
strength  of  acid,  663 ;  mixing  tbe  •&-- 
outside  the  tower,  664 ;  conoeotrato^ 
of  acid,  664,  666,  668 ;  temperature  <. 
acid  and  gas,  665 ;  used  for  brimsto:^ 
burners,  666;  used  for  various  faD> 
tioDS  separately,  667 ;  formation  -•' 
fresh  acid  in  tower,  668;  calcuUoo. 
of  rate  of  formation,  669 ;  time  ucri- 
pied  for  each  transfer  of  oxygen,  ^*} 
proportion  of  Glover  space  to  chamber^ 
space  with  reference  to  the  fom»£;?!- 
of  acid,  671 ;  pushing  work  verj  mu:. 
in  tower,  672;  drawbacks  of  Glorer 
tower,  673;  impurity  of  tower-»ci 
673,  b80 ;  stoppages  through  flue-dB>t 
673;  gas-siphon  behind  tower,  6^^ 
pressures  at  bottom  and  top,  H&4, 6iv 

Glover  tower  supplying  steam,  534, 1)^7 
used  by   Falaing  for  highly  o«inc«s- 
trated  acid,  902 ;  situation  in  arrai^e- 
ment  of  works,  930. 

Glover's  (H.)  brinistone-bumer,  279, 

Gold,  action  of  sulphuric  acid  on,  20^1 

Gold-lined  platinum  stills,  877. 

Goesage*s  coke-filled  chambers,  475 ;  cci- 
centrating-fumace,  901. 

Grates,   advantages    in    pyrites-bumei^ 
225. 

Grate-bars,  300,  302. 

Grate-surface    of    pyrites  burners,   dt>. 
309. 

Gridley's  continuons  glass  retorts,  ^44. 

Grids  in  Gay-Luasac  towers,  586,  T^*. 

Griesheim  cylinders  for  nitric  acid,  107 
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condensing  -  apparatus,  129  ;  water- 
Bprajing  syatem  for  chamber^  537 ; 
oentratized  Bjstcm  of  Gay.LuWHic 
towers,  fl03. 

Grieta'B  reagent,  251,  266. 

Gun-coCtun  wastA-aeida,  141. 

Gutta-percha  instead  of  lead  for  chambers, 
422. 

OiittmaDu's  nitric-acid  stills.  114;  con- 
densing sjstein,  131 ;  balls  for  packing 
Wwers,  600.  ."iee. 

Orpsiim  for  tbe  niannfaoture  of  sulpburic 
acid,  109S.  1099. 


Hart's  apiiaratus   for  condensing  njtric 

acid,  132. 
HnsencleTBr  and  Helbig*»  towsr-fumace 

for  p>'rites-smalls,330;  blende-furnace, 

;159. 
HasencleTer  pane,  816. 
Heaps  for  burning  pyrites,  292. 
Heat,  specific,  of  sulphuric  acid,   197  ; 

erolred    on    iniiing    ■.  a.    with   water. 

198;  of  solution  of  s.  a.,  198;  ».  Tempe- 

Hemptinne's  (de)  brituston»-t>urners,  280. 

Heroeus'a  metal  (gold-lined  platinum), 
877,  953.  KM,  956. 

nerreBhorBduBt-biimer,349,  934,  1192;   ' 
Glover  tower,  652, 674. 

High-pressure  work,  «.  Forced  work. 

Eoecbst  process  for  fuming  sulphuric 
acid,  1039. 

HoHinann  &  Carlisle's  absorbing-tower, 
592. 

Hut  gaam  for  oonoentrating  acid,  901. 

Hurter's  tbeorr  of  the  chamber-process, 
731,  769. 

Hydrochloric  acid,  oonnection  with  alkali 
nianubcture,  5  ;  importance,  5. 

Hydrogen  blowpipe  for  burning  lead, 
433  ;  poisoning  case*,  435. 

Hydmgon  sulphide,  ».  Sulphuretted  hy- 
drogen. 

HydroniBterB,  176  ;  Twaddell's,  176, 178; 
Saum6's,  176 ;  for  drips  of  acid- 
chambers,  507. 

Hyponitriu  acid,  e.  Nitrogen  peroxide. 


loipuritiee  of  sulphuric  acid,  780. 
Injectors  for  Tiitric  acid,  523,  525,  526 ; 

for  produoing  draught   in   chambers. 


Iodine  from  mother-liquors  of  tbe  manu 
fncture  of  nitrate  of  soda,  93 ;  eatimo- 
Uon  in  nitric  acid.  148, 

Iridium  as  oonlact-subatanre,  1048. 

Iron  for  retainiug  SO,,  376 ;  for  taking 
SO,  out  of  burner^gases,  397 ;  in 
GloTer.tower  acid,  673. 

Iron,  presenre  in  barium  sulphate,  66  ; 
removal  in  analysis  of  pyrites,  66,  67, 
68,  69;  action  of  liquid  HO,  on,  151  ; 
of  sulpburic  acid  on,  203,896;  inju- 
rious action  as  an  impurity  in  sulphuric 
acid,  781;  detection  in  sulphuric  acid, 
248;  estimation  in,  252;  influence  on 
contact-processes.  1014(».  Ferric  oxid^; 
manufacture  from  pyrite»<inders,  1104 
<«.  Purple  ore). 

Iron  frame  for  lend  chambers,  430. 

Iron  mordant,  nitrous  gases  in  the  manu- 
facture of,  530. 

Iron  oxides  Ac,  eomp.  Ferric  oiide  &•:, 

Iron-pyrites, »,  Pyrites. 

Iron  Teasels  for  concentrating  sulphuric 
acid,  B8I ;  tarious,  882,  892 ;  retorts 
used  in  Qennany,  882 ;  in  America, 
883;  at  Pinole,  S84 ;  combined  with 
platinum,  8B8;  system  of  Clayton  Ani- 
line Co.,  889  ;  of  Krell,  891 ;  wrought- 
iron  reseeta,  896;   action  of  acid  on. 


Kessler's  conoentrating-furnace  for  sul- 
phuric acid,  903;  new  system,  908; 
cost  ofacid  by,  9.54,955. 

Keslner's  pulsometar,  147,  618. 

Kieselguhr  for  packing  ooid,  927. 

Kilns,  ».  Pyrites-burners. 

Kirehh  off  pipe,  127. 

Knietwh,  eiperimanls  and  theory  of  con- 


1,  1001, 


l*Ot-ftC.,™,  .>..... 

Kolb's  pyritrs  assay,  75. 

Korting'd    sulphur-burner,    285 ;    sprsf- 


I.iturent's  pulsonieter,  614. 
4l3 


1204 


ALPHABETICAL.  INDEX. 


I«acbed  ore  (pjritee),  1182. 

Lead,  adTantngea  of,  for  constructing 
cbnniben,  421  :  sulKtitutM  fur,  422 ; 
tbicknen  for  cbHiubers,  4'JO,  431 ;  for 
Chij'-XuBsac  towera,  582,  689;  for 
Glover  towers,  G4T  ;  damage  bj  mer- 
curj,  430;  qualitj,  431 ;  anHlTM*, 
431,  432  ;  vear  and  tnar  in  cbambera, 
450,  452 ;  re-m«ltiDg,  452  ;  quanlily 
uied  for  cbambera,  482,  463  ;  coTering 
iron  rods  witb,  601 ;  soldering  br 
buming,  11  (>.  Buminfc) ;  bj  Boix 
wider.  433 ;  joining  sheeta  by  rabbet- 
ing, 433;  presence  id  blende,  80; 
influence  on  spec.  grBT.  of  aulphurio 
acid,  190;  bebnTiuur  tovrards  aul- 
phoric  BCid,  21)6;  "cbeniioal,"  207, 
431 ;  detection  in  suipfaurio  acid,  248 ; 
estimation,  252;  recorerj  in  tbe  wet 
copper-eitntction  prooesa.  1 142. 

Lead  chambers,  introduction  b;  Boebuck, 
8 ;  cbambera  formerly  made  in  Eng- 
land, 9 ;  in  France,  10;  in  Germany. 
10;  construction,  421 :  necewily,  421 ; 
erection aboTeground. 423;  foutidHtion, 
423;  piIiHr^423:  slceperx,  426;  joists, 
427  ;  floor,  427;  frame,  428;  ulandards, 
428;  limber,  429;  angle-iron  framing, 
430;  erecting  chamber*,  437.  445  (». 
Burning) :    straps.  438  ;    cbBmber-Cop. 
443;  cliamber-bottoni,  445;  delaila  of 
Engliib  style,   448;   roof  over,  448; 
buildings  for,  450;  reneval,  4.'iU;  re- 
pairs. 450;  time  tbey  lost,  451,  453; 
pulling  down,  452 ;  abupe,  454 ;   Bbe-   I 
nania  shape  (with  slanting  roof).  454  ; 
H.  A.  Smith's  shape,  455;  Delnlace's 
circular  cbambera,  455;   Th.  Meyer's 
tangential  chaiobere,  455 ;  combination 
(o  aete.  458  ;  Becker's,  459  ;  siie,  460  ; 
cubic  space,   459,  460.  461,  465.  468,   : 
469  ;  conneoting-tubce,  4G4  ;   for  poor   | 
orea,4T0;  Mrayofstatingchamber-apsce,   i 
471;  diminishingchBmber-«pHCe(».Cb.-   ! 
ap.) ;   replacing  chnmber*  b}'  reaction-   i 
towers,  4711.  493,  501,  1094,  1095 ;  in   ' 
other  wsys,  1093, 1096;  general  arrange-   , 
ment,  9Sl;  design  of  modem  chambers, 
931 ;  design  of  combination  of  cbambent 
and  towers.  934. 

Lead-matte  for  manufacturing  aulphuric   ' 
acid,  39,  85. 

Lead  panH  for  concentrating  acid  (».  Con-   I 
centrating-pans).  i 

Lead-work    of    Gaj-L.issac   towers,    562,    ' 
580;  of  GloTcr  lowers,  647, 

Z«aks  in  clinnibers,  stopping,  401.  , 

ieUnnc  process,  connection  with  alkali 
manufacture,  4  ;  use  of  salt-cake  in,  !i. 

IiCTels,  difference  of,  influence  on  drought   I 
in  Inirrni.  6K4.  ' 


Lin.e  for  Bbeorbing  SO,,  373. 

Lining  of  Oay-Luaaac  tower.  562.  S^ . 

materials  for  GloTer  lontr.  64a  (Volnc, 

G45  ;  blue  bricks,  645  ;  G«rmaD  bricki. 

646);  construction,  «.il. 
Lip  ofGlorer  lower,  648. 
Liihopone,  1110. 

LiLuiui  Hs  an  indicator,  234.  237. 
Liiiviation  of  product  from  calcinett  in 

the  extraction  of  copper,  1139;  lankt 

for  this.  1139. 
LoMca  in  tbe  manufacture  of  sulpbuiic 

acid,  945;   Ion  of  uitrv,  706;   of  nl 

phuric  acid,  945. 
Low-lerel  escapes,  736. 
Lump-bumerii,  t.  Pyritea-bumers. 
Lunge's  method  of  an aljiitig  pyrites.  67; 

modiBoBtion  of  Watson's  test  for  bunt- 
96,  255  :   modiS- 


acid,  266;  for  nitric  acid. 
267  ;  testing  for  total  acids  in  bum«^ 
gas,  416;  analysing  luiiturea  of  nilrc- 
gen  Oiides  and  SO,,  419;  obeervation! 
of  cbamber-temperatures,  714 ;  older 
Tiews  on  cbamber-proMBS,  758;  new 
theory,  763;  proptaals  for  refjacni 
part  of  tbe  chamber-space  by  plalc- 
towers  (>.  this) ;  frwsLng-prcwvaF  (■t 
monohydrated  aulphuric  acid,  91?. 

Lunge  towers,  s.  Plate^owers. 

Lunge  and  Naefs  nbeerrationa  on  Bad- 
chambers,  41,  714,  727;  bearing  ^ 
theory  of  chambet^proceHe,  759. 

Lunge  &   Pollitt    on    con  tact -procie#»e^ 


BbcDougntl'a  dust-burner,  343 ;  improi?- 

ments  on  this,  346. 

Mactear's  obsemilicms  on  tbe  clumber- 
process.  723,  725 ;  continuous  teet  cf 
chambcr-eiits,  737. 

Magnesia  for  absorbing  80^  375. 

Magnesium  aulpbate  for  the  manufacture 
of  fuming  O.V.,  968,  969. 

Magnetic  pyrites.  .36,  76. 

Mal^tra  burner.  334  (s.  Shelf-burner). 

Manganese  sulphate  as  oxygen .carrin-  fur 
the  manufacture  of  sulphuric  acid,  1 101. 

Mangling  lead,  433. 

Man-Jtoles  for  chambers.  507. 

Marcasite,  35,  76. 

Mariotte's  Teasel.  517,  510.  .188,  739. 

Mnrsden's  stone-breakers,  287. 

Manih-le^t.  T9X  ■  s.  Arsenic 
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Masees,  action  of,  775,  087. 

Matte,  working  for  SO^,  82,  &I,  85; 
burners  for,  312,  332,  363,  365;  gas 
from,  409 ;  preparation  of  FeS  for  the 
generation  of  H^S,  792. 

Majnard's  Bulphur-bumer,  283. 

Mechanical  dust  -  burners,  343  ;  Mac- 
Dougall's,  343  ;  improvements  on  this, 
346 ;  Frasob's,  348 ;  HerreshofTs,  349, 
1192;  Spence*8,  352;  various,  347, 
348,  351,  356,  357  ;  cost  of  acid,  951. 

Meciianical  production  of  draught,  559, 
1194. 

Mechanical  zinc-blende  furnaces,  364, 
1193;  copper  roasting-fumaces,  1129, 
1136. 

Mercury  in  blende,  80 ;  in  flue-dust,  392  ; 
damage  done  by  it  in  lead  chambers, 
430;  in  sulphuric  ocid,  781,  876;  as 
contact-poison,  1013. 

Mesael,  8.  Squire. 

Metalline  (bricks),  645. 

Metals,  action  of  sulphuric  acid  on,  202. 

Methyl-orange,  action  in  titrating  nitrous 
acid.  147,  235 ;  for  titrating  SOj  and 
sulphites,  160;  as  indicator  for  sul- 
phuric-acid titration,  235;  for  standard- 
izing alkali  solution,  236. 

Meyer's  tangential  chambers,  455. 

Mist  of  acid  in  chambers,  724 ;  from  con- 
centrating-pans,  193,  816,  855,  904, 
907,  908 ;  cause  of  contact-poisoning, 
1014, 1031, 1066,  1078. 

Mist  of  sulphur  in  pryites-kiln  interfering 
with  contact-action,  1015. 

Mixed  ores,  working  for  SO^,  81,  84. 

Mixing  the  gases  in  chambers,  472,  476, 
477,  478,  627,  782. 

Moisture,  influence  on  pyrites- burne  1*9, 
326. 

Monohydrated  sulphuric  acid,  manu- 
facture, 917. 

Mortar  not  to  be  used  in  Glover  tower, 
645, 652. 

Mud  in  lead  chambers,  removing,  452. 

Muddy  acid,  752. 

M uffle  -  furnaces  for  copper  -  extraction, 
1126;  forpyrites-smaUs,  329. 

Muriatic  aoid,  8.  Hydrochloric  acid. 


N. 


Nails  for  lead  chambers,  437. 

Nauheim  bricks,  646;  cylinders  (rings), 
653. 

Negrier*s  conoentrating-apparatus,  848. 

N^methy's  sulphur-burner,  283,  397. 

Niedenfiihr*B    apparatus    for    recovering 
nitric  acid  from   lower  oxides,   127 ;   , 
plans  for  Guttmann's    system,    132 ;  ; 


shelf- burner,    338;    development    of 

Slate-towers,  488  ;    Gkiy-LusBac  tower, 
39 ;  packing  for  Glover  towers,  656, 
662;  Glover  tower,  661. 

Nitrate  of  potash,  occurrence,  93 ;  con- 
tained in  nitrate  of  soda,  65  ;  influence 
on  testing  nitrate,  96. 

Nitrate  of  soda,  properties,  89 ;  solubility, 
90 ;  spec.  erav.  of  solutions,  90 ;  occur- 
rence in  Chili,  93 ;  in  California,  1183 ; 
composition  of  crude,  93;  of  commercial, 
94;  other  occurrences, 93;  consumption, 
93, 1183;  refraction,  94.  96;  impurities, 
95 ;  purification  from  perchlorate,  95 ; 
influence  of  potassium  nitrate  in  testing, 
96 ;  testing,  96 ;  by  refraction,  96 ;  by 
the  nitrometer  method,  96 ;  consumption 
of,  467,  470,  472,  475,  937,  938,  942, 
943 ;  introduction  as  an  aqueous  solu- 
tion, 513,  527,  644  ;  «.  Nitre. 

Nitrating  processes,  waste  acid  from,  141. 

Nitre,  8.  Nitrate  of  soda,  8.  Potting ;  loss 
in  chamber-process,  705;  loss  of,  al- 
leged through  Glover  tower  ,522,  640, 
642,  643,  668;  loss  from  Gay-Lusaao 
tower,  628,  708 ;  by  luting  chambers 
with  water,  675;  alleged  saving  by 
keeping  first  chamber  strong,  689 
mechanical  and  chemical  losses,  707 
introduction  in  starting  chambers,  676. 
supply  to  chambers,  695;  testing  cham- 
ber-acids for,  699,  701  ;  deficiency  or 
excess  in  chambers,  701,  703;  supply 
directly  into  chambers,  703;  totiU 
quantity  circulating  in  chambers,  704. 

Nitre-bags,  treatment,  94. 

Nitre-cake,  running-off  arrangement,  110, 
516;  utilization,  139,  1185.  1186. 

Nitre-ovens,  311,  514,  516,  517;  place 
for,  929. 

Nitre-pots,  514,  516. 

Nitre-recovery,  8.  Gay-Lussac  tower;  by 
other  apparatus,  590. 

Nitric  acid.  98  ;  boiling  -  points,  98 ; 
specific  gravities,  99  (correction  for 
temperatures,  101 ;  influence  of  lower 
nitrogen  oxides,  102;  hydrates,  1183); 
oxidizing  properties,  103;  analysis,  147; 
estimation  of  impurities,  147 ;  behaviour 
towards  lead,  210 ;  storage-yessels  for, 
527 ;  formation  from  N^O^  in  contact 
with  HjSOj,  225,  226,  575;  formation 
in  acid-chambers,  753.  766 ;  gases  and 
vapours  evolved  in  its  manufacture, 
121;  condensation,  123;  by  old  re- 
ceivers, 123  ;  cooling-pipes,  123,  124 ; 
cooling-worms,  124;  condensing  exit- 
gases  by  coke-towers,  125;  by  plate- 
towers,  125  ;  recovering  from  lower 
oxides,  125, 1 186 ;  refining  or  bleachine, 
127,   1185;    Griesheim   process,   129; 
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modi  Scat  ion  (,  131 ;  Gultiiianire  procew,  ■ 
131;  B&ta  &,  Ornie's  proceu.  1184) 
oondeHBaUon,  mrioiiB  Ejiteiiis,  132 ; 
YalmtiDer'aviiciium-proceu.  134 ;  con- 
oentislion,  139;  coet  of  roanufecturB, 
140;  utilization  of  waite  acida.  141  ; 
transportation  in  cnrbojs,  Ac,  145;  i 
Teeaela  of  iron  or  lead  for,  146 ;  pro- 
t«ctiOD  againat  fumea,  115;  itatiatica, 
140;  puuipine  (piiliometm,  146;  in 
Oa;-Luuac  acid  (nitroue  Titriol),  62l> ; 
M  oijgBn-cnrrier  in  the  Titriol-cliam 


berg. 753, 754,  7r"6(8.Tlieor¥) 


iron,  805. 

Nitrobenzene  arids.  141.  673,  BXi. 

Sitrocellulow  wii!,  141,  SOtl,  1180. 

Nitrogen,  atmospheric,  for  tbe  production 
of  nitric  add. 

Kilrogen  acids  lu  onvgen -carriers,  10,  12 ; 
influence  On  spec.  grar.  of  eulphuric 
acid,  18»;  behanuur  with  sulphuric 
acid,  212 ;  detection  in  sulphuric 
acid,  240;  eBlimatioD,  253;  le«ting  for, 


781  ;  bebniiour  with  aulphuric  acid, 
222,  224  ;  detection  li;  brucioe,  251 ; 
eolorimetric  eatimslion,  267 ;  intro- 
dudjon  in  the  chambers  as  Tapour  or 
liquid,  compariaon  of  adrantages,  511, 
676 ;  potUng  eotid  nitre,  '.  Potting ; 
passing  lapoiirt  from  ordinarj-  rekirta 
atraight  into  cbamben.  517 ;  intro- 
duction in  the  liquid  state,  517,  676 ; 
Mariotte's  Tenet,  517;  tambouri,  51S; 
■iphons,  520;  cascades,  521  ;  through 
GloTor  tower,  522,  626,  641.  644; 
objections  to  tbia  refuted,  522  ;  aprej- 
producer  (injector),  523. 

Hitrio  acid  manufacture,  historical,  96, 
104;  general,  104;  cjIinder-apparBtus : 
FrencliifaBpe,104;  Tarioua,  107;  Grie»- 
heiui  flinders,  107 ;  pot-Miaped  stilli, 
111  ;  French  ahape.  111 ;  Valentiner's 
TBcuum-atills,  111;  Oultinann's  stilt, 
114.  1183;  various  sUlla.  115;  Pren- 
tice's oontiDuous  slJU.  115;  Uebel's  . 
process,  1 16 ;  various  prooesses,  142 ; 
manufacture  wittiout  sulphuric  acid, 
143;  b3-  ele<.-tricit.T,  144:  from  atmo- 
spheric air,  1 186 ;  from  auinionia,  144, 
1187. 

Nitric  oxide,  betiiTiour  toirards  aulphuric 
acid,  212,  253,  575 ;   alleged  cause  of 
error*  in  nitrometers,  258  ;  estimation 
in  gaseousmiitures,420;  in eiit-geses, 
629,  748;  loss  through  formation  uf.   , 
6'J8,  708, 70D ;  impossibilitT  of  forming  I 
tbe  liases  of  theories  of  the  cliouiber-  ' 
process.  761, 762,763, 765;  partplajed  : 
in   chambers,   766 ;    imparting  a  red 
ilpburic  acid  in  presence  of  , 


logetl^er  Kith  SO^,  419;  obtaineil  v 
bf-product,  529;  recoTcry  by  Gii- 
Lussac  tower,  575  (f.  this)  ;  toting  fc- 
in  cbatnber-exits,  745,  74li ;  rpmon 
from  sulphuric  acid,  802. 
itrogen  peroiide,  221 ;  action  on  sJ- 
phurieamd,  221.  223,  226,  575.  6Si, 
estimation  in.  253  ;  prennoe  in  oitrM.- 
Titriol,  625,  626^  "IVea'*  nitivR 
peroxide,  706, 727,  728,  762,  763. 7^^ 
not  present  in  normal  I  j-  worLin; 
chambers.  728  ;  fonnation  by  exces  i) 
nitre.  72U  ;  as  oijeeo-oarrier  in  riti»l- 
clismbtrs.  753,  767.  761 :  fomoDir 
from  KO  and  O.  756,  760,  761. 
Ligen  trioiide.  s.  Xilrous  uihjdnde 
ine  acids,  141,  673,  80&!*- 


Ni 

Niti 
11# 

Nitrometer  for  tbe  analysis  of  oittsle  i ' 
sods,  96  ;  for  edtimatine  total  Ditrop-     I 
acidsin  sulphuric  add,254  ;  fbrtcMiai 
nitrous  vitriol,  625.  . 

Nitrososulphiiric  acid  (».  Chsmbcr^nr 
tals);  behaviour  towards  lead,  21" 
composition,  216  ;  fornution,  217,  '(>• 
action  with  SO,  and  H-SO,,  21 7.  :3  i 
224,  with  water,  219,  576,  with  niir 
acid,  220,  with  reducing-agents,  '^. 
coke,  231 ;  tension  of  nitroua  Tapour 
in,  227;  'ablcB,  228;  «tJE  -'  ' 
permanganate  method,  262 ; 
vitriol,  6"^  ^  ■  '  ' 
process,  ' 
770. 

Nitrous  acid,  influvnee  on  spec  grai.  i' 
nitric  acid,  102 ;  of  sulphuric  and.  1^ 
estimation,  148 ;  txtiariour  lowinii  i 
sulphuric  acid,  213{».Nitricanhjdndc  | 
behaviour  towards  methjl-orsngc.  147. 
235;  detection  bj  brucine,  251 ;  trniu 
by  permanganate  method,  263 ;  otmg 
quantities  bjoolorimetrioinetbod.iit 
as  olygen^»r^ie^  aooordinc  to  BeisrliL.. 
Lunge,  Raschig,  752,  755,  757,  7,'" 
764. 

Nitrous  anhvdride.  existence  in  tbe  UV' 
of  vapour,  214.  727 ;  behaTioor  tonr.- 
sulphuric  acid,  215.  575 ;  tonr.;- 
caustic  soda,  225  ;  tension  in  prew-.- 
of  dilute  sulphuric  acid,  227  ;  repiv 
senting  the  composition  of  cliamtv- 
gases,  728,  760,  764 ;  foriuBtion  fr\ : 
SOandO.  756,  761. 

Nitrous  oxide.  beliaTiour  toiranls  :-<.  - 
phuric  acid,  212 ;  ectilnation.  4^<' 
formation  in  add-making  procKv.  "I- 
486,  707  ;  altwed  formaUOD  in  Gi^n 
tower,  522,  528,  640. 

Nitrous  vapours  214;  obtained  as  ;• 
products.  529;    poisonous  prc^Kru- 


ALPHABETICAL  INDBX. 


1207 


Kitrous  vitriol,  denitration  of,  631,  663 
(«.  Denitration  and  GloTer  tower) ; 
quantity  employed  in  Glover  tower, 
663;  mixing  witb  chamber-acid,  664; 
behaviour  towards  lead,  207,  210 ;  on 
heating,  224;  action  of  coke  on,  485, 
585,  624;  tendon  of  N2O3  in,  228; 
testing  by  permanganate  method,  262,  1 
625 ;  tables  for  this,  264 ;  nitrometer- 
test,  625 ;  reduction  by  coke,  231,  485, 
585 ;  distributing,  s.  this  ;  pumping, 
8,  this ;  quality,  623,  624  (5.  Nitroeo- 
sulphuric  acid) ;  faulty  appearance,  628. 

Kordnausen  oil  of  vitriol,  a.  Sulphuric 
acid,  fuming. 

Noxious  vapours,  82,  1187 ;  injurious 
action,  IM ;  investigations  at  Freiberg, 
155,  156 ;  estimation  of  damage,  158 ; 
action  of  aqueous  vapour,  158  ;  dealing 
with  them,  370;  5.  Zinc-blendo  furnaces, 
Sulphur  dioxide.  Sulphuretted  hydro- 
gen, &,c. 

Nuisance  in  discharging  pyrites-cinders, 
307,  305  ;  8.  Noxious  vapours. 


O. 


Olivier  &  Perret's  furnace  for  pyrites- 
smalls,  330. 

Ostwald's  views  on  catalytic  action,  973, 
997. 

Overflow-apparatus  for  distributing  acid, 
595. 

Oxalic  acid,  nitrous  gases  in  the  manu- 
facture of,  529. 

Oxide  of  iron,  «.  Spent  oxide. 

Oxygen:  estimation  in  gases,  417;  pro- 
portion of  in  exit-gases,  679 ;  calcula- 
tion of  sulphur  burnt  from  oxygen 
in  exit-gases,  749 ;  use  of  pure  oxygen 
in  chambers,  471 ;  for  manufacturing 
SO3,  994,  1094 ;  excess  required  in 
contact-processes,  961,  999, 1001,  1007 
(8.  these). 

Oxyhydrogen  flame  for  burning  lead,  436. 

Ozone  for  the  manufacture  of  sulphuric 
acid,  1096. 


P. 


Packages  for  sulphuric  acid,  920;  car- 
boys, 920;  carboy- hampers,  921 ;  filling 
and  emptying  carboys,  922 ;  tank- 
waffons,  924 ;  emptying  these,  925 ; 
acid-boats,  926 ;  sea-transport,  927  ; 
cost,  835,  924. 

Packing  of  Gay-Lussac  tower,  577,  578, 
584,  590 ;  of  Glover  towers,  652  (flint, 
652,  coke,  652,  quartz,  652,  cylinders 
or  rings,  653,  bricks,  653,  654,  661); 


Knab's,  653;  Lunge  plates,  654;  Nicr 
denfiihr*s  packing,  656,  662. 

Paint  for  chamber-frames,  429,  43Q; 
manufacture  from  residues  of  the  manu- 
facture of  fuming  O.V.,  964  ;  from 
pyrites-cinders,  1103 ;  from  liquors 
produced  in  treating  the  cinders,  1162. 

Palladium  as  contact-substance,  1049. 

Pans,  8.  Conoentrating-pans. 

Partitions  in  chamlMrs:  of  glass,  474; 
of  bricks,  474,  475. 

Path  of  the  gases  in  the  chambers,  734, 
1194. 

Peas,  burner  for,  357. 

Peligot's  theory  of  the  chamber-process, 
753 ;  refutation  of  this,  754. 

Pelouze*s  pyrites-assay,  74;  method  of 
estimating  nitric  acid»  254. 

Pentasulphates,  140. 

Pentathionic  acid,  152. 

Perchlorates  in  nitrate  of  soda,  95,  96. 

Phenolphthalein  as  an  indicator,  160, 
234,238. 

Phillips's  discovery  of  the  production  of 
SO3  by  the  contact-action  of  platinum, 
975. 

Phosphorus  for  estimating  oxygen,  418. 

Picard's  filtering-tube,  65. 

Pillars  of  lead  chambers,  423 ;  of  wood, 
424;  of  brickwork,  424;  of  stone,  425; 
of  cast-iron,  426 ;  of  wrought-iron,  426. 

Pipes  for  cooling  nitric-acid  vapours,  123, 
124;  for  burner-gas,  388;  for  con- 
necting-chambers, 464 ;  inlet-pipe  for 
Glover  tower,  649. 

Pipe-towers,  499,  1193. 

Pipette  for  weighing  fuming  O.V.,  239, 

Plant  for  acid-chambers:  designs  for, 
931 ;  cost  of,  933 ;  for  combination  of 
chambers  and  towers,  934 ;  in  France, 
935. 

Plate-towers :  application,  487  ;  question 
of  entirely  substituting  chambers  by 
them,  487,  493  ;  development,  488 ; 
practical  work  done  by  them  as  re- 
action-towers, 489,  490,  496,  497; 
employment  as  Glover  towers,  490, 654 ; 
as  Gay-Lussac  towers,  490,  562,  580, 
586 ;  erection,  492 ;  sections  to  choose, 
493 ;  combination  with  ordinary  cham- 
bers, 496.  935,  942 ;  cost  of  plant,  935, 
952 ;  of  acid  made  with,  953. 

Plate-towers  for  condensing  nitric  acid, 
125;  for  recovering  nitric  acid  from 
lower  nitrogen  oxides,  125,  127,  129, 
131, 142 ;  as  reaction-towers  for  dimin- 
ishing chamber-space,  478 ;  theory, 
478,  773 ;  construction,  482 ;  com- 
parison with  coke-towers,  484,  485; 
way  of  feeding  them,  486;  heat  pro- 
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duoed  iu  them,  486 ;  water  eTaporated 
in  them,  487. 

Platinized  asbeatoa  used  by  former  in- 
ventors, 977;  by  Winkler  in  1876, 
984 ;  by  the  eame  in  1878,  1086 ;  by 
Loew,  1087. 

Platinum,  action  of  sulpharic  acid  on, 
203,  837,  875,  1188;  mjurioiu  action 
aa  an  impurity  in  sulphuric  acid,  781 ; 
employment  for  concentration  of  acid, 
837,  838,  8^6 ;  Iom  in  concentration  of 
add,  875;  prices,  876;  lined  with  gold, 
877. 

Platinum  as  catalytical  substance:  first 
discovery,  973  ;  first  use  for  producing 
sulphur  trioxide,  975;  later  patents, 
977 ;  Squire  k  Messel's  process,  983 ; 
Winkler's,  984;  theory  of  the  contaot- 
'  action  of  platinum,  999. 

Platinum  dishes  combined  with  lead  pans, 
633. 

Platinum  dishes  with  lead  hoods  (Faure 
k  Kessler's  system),  866 ;  other  systems, 
875;  crusts  formed  in  stills,  879;  ex- 
plosion of  a  still,  881 ;  combination 
with  iron  dishes,  888. 

Platinum  stills,  856 ;  older  shapes,  856 ; 
Prentice's,  856;  Delplace*s,  862,  868; 
Desmoutis's,  862 ;  firing  the  stills,  865. 

Plugs  for  testing  chamber-draught,  508, 
678. 

Plumbers'  machine,  433. 

Poisoning  by  nitrous  gas  in  repacking 
towers,  587. 

Poisons  for  contact-action,  8.  Contact- 
poisons. 

Poker  for  pyrites-burners,  320. 

Polysulphates,  117,  119,  121,  140. 

Poor  ores,  kilns  for,  295.  312,  332,  363, 
365  ;  chamber-space  for,  470. 

Porcelain  dishes  for  the  concentration  of 
acid,  848,  850. 

Porcelain  beakers  for  the  same,  851 ,  854, 
865. 

Potash  salts  for  roasting  with  pyrites- 
cinders  in  the  extraction  of  copper, 
1135. 

Potting  the  nitre  in  brimstone-burners, 
272,  279  ;  in  pyrites-burners,  311,  513, 
514 ;  in  H^S  burnem,  368 ;  comparison 
of  potting  with  use  of  liquid  acid,  511 ; 
apparatus  for,  614,  616  ;  alleged  loss 
by  potting,  623. 

Precipitation  of  copper  by  H^S,  1146; 
by  scrap-iron,  1147;  by  spongy  iron, 
1148. 

Prentice's  still  for  nitric  acid,  115;  for 
sulphuric  acid,  866. 

Pressure,  high,  for  contact-process,  993, 
1020,  1038, 1042,  1069. 

Pressures  in  acid -chambers,  498, 678, 684. 


Pressure-gauges  for  acid-chunbers,  .^>^ 

(s.  alto  Anemometers). 
Psendocatalytic  action,  758,  777. 
Pugging  pyritee-dust,  331. 
Pulsometers  for  nitric    acid,    147 :    for 

sulphuric  acid,  603,   608 :    LaurentV 

614 ;  combination  of  two  pulsometers. 

618 ;  Kestner's,  618. 
Pumice  as  contact-substanoe,  or   beanr 

thereof,  97a 
Pumping  nitric  acid,  147  ;  sulphuric  acid. 

605;  by  compressed  air  (acid-eggs  nOO-^ 

607. 

Puri6cation  of  bumer-ffas,  s.  thi& 

Purification  of  sulphuric  acid,  780 ;  froi  i 
muddy  substances,  781 ;  from  arsenic 
782;  from  nitrogen  componnds,  8ti2. 
from  selenium,  806;  from  hydrofluoH: 
acid,  ^)5,  807;  for  storage-batterws. 
802 ;  by  electrolysis,  804 ;  preparatioa 
of  chemically-pure  acid  by  crjstallixa- 
tion,  806 ;  by  distillation,  807. 

Purple  ore,  1103,  1106;  oompontior. 
1141,  1152;  use  for  smelting  iron  and 
other  purposes,  1 142 ;  for  making 
spongy  iron,  1152. 

Pyrites,  sulphur  manufactured  from,  1^: 
properties,  34  ;  first  application  for 
sulphuric-acid  manufacture,  36 ;  c^ 
cupreous  pyrites,  39:  occurrence  in 
Great  Britam,  39 ;  Ireland,  Wales.  4i) . 
coal-brasses,  41 ;  total  production,  42 ; 
importation  into  Great  Britain.  42: 
pyrites  in  Germany,  42, 1181 ;  Austria- 
Hungary,  45,  1181 ;  Switzerland,  Po- 
land, Belgium,  46  ;  France,  47  ;  Italy 
50 ;  Sweden,  Norway,  51 ;  Spain  and 
Portugal,  53,  1182 ;  United  States,  67. 
1182;  Cansida,  Newfoundland.  Au«- 
tralia,  59 ;  world's  production.  6(*. 
1182;  analysis  of,  62;  decomposition 
in  the  wet  way,  63,  67;  precipitation 
by  barium  chloride,  63;  remoTal  of 
iron  for  analysis,  66,  67,  69  :  drr 
methods,  66,  67,  74,  75;  Fresenius^ 
method,  66 ;  Lunge's  method,  AT ; 
volumetric  methods,  70,  71 ;  available 
sulphur,  72;  expeditious  assays,  74: 
estimation  of  otner  constituents,  77 : 
arsenic  in,  782  ;  carbon  in.  11S-* : 
ayerage  composition  of  the  world's.  60 : 
prices,  61 ;  proportional  yalue  of  poor 
and  rich,  61 ;  breaking  by  hand,  287 : 
by  machinery,  287  (s.  Stone-breakers  • ; 
place  for  stone-breaker,  929  ;  unloading 
and  storing,  929  ;  comparison  with 
brimstone  as  material  for  acid-makinfi. 
409. 

Pyrites-burners  for  lumps,  291  ;  burning 
in  heaps,  292;  old  kilns,  292;  Frei- 
berg   kilns,    293;    other   kilns.    296; 
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burnere  with  grst«a  and  aah-pits,  296; 
EagUah  grate- buraera,  296;  QertuHn 
burnera,  399,  305,  310;  gtu-flue,  300; 
grate-ban,  300,  302;  uh-pit,  303; 
lilting-boi,  303  ;  BrnuigFmenta  for  dis- 
obargiDg  witbout  nuiwnce,  303,  304, 
305, 307 ;  doon,  307  j  brickwork,  a07 ; 
«iM,  308,  309;  Burface  of  grate  for 
doing  certsiD  work.  308  ;  sett  of 
bumera,  309 ;  concentratiog-pBDB  on 
burners,  310;  potting  ia  burnera,  311 ; 
special  kind*  of  buroern,  311  ;  for  cop- 
per-matte, 313;  quantity  got  tbrough, 
;!08,  309,328;  atarting  work, 313,  326; 
regular  work,  conditions  of,  314;  aupi^y 
of  air.  314,  319.  320;  sulphur  left  in 
cindera,  314,  315 ;  scarring  in  burners, 
319,  820,  325  ;  regulation  of  dmught, 
321 ;  working  the  burners,  322 ;  ais- 
cbarging  the  burners.  "  "" 
the  gaa,  324  :  practica 

working,  324;  tempera'. , 

323,  324;  putting  on  coola,  32.^;  in. 
flusnce  of  ^uapnees,  326 ;  conceu- 
trating-pBnBontop,e23,824;  objsctiont 
to  tbia,  827. 

Fj'riles-bunien,  place  in  arrangeuient  of 
works,  929;  adapted  for  manufacture 
of  SOa  by  oontact-proceee,  1070. 

P; rites-cinders  (».  Cinders):  tesUng  for 
sulphur.  75;  desulphuritstion  in  oon- 
nection  with  contact  -  prooetB,  1052, 
1053,  1054. 

Pyrites,  eiplosive,  55. 

i'yrilefrflmalli,  287  ;  burning  with  lumps, 
327  ;  in  batia  made  with  claj,  328 ; 
burning  in  ooal-fired  fumacee,  329 :  b; 
tlie  heat  of  lump-burners,  330;  Oliver 
&.  Ferret's  furnace,  330;  HaaenoleTer 
ti  Heibig's  lower-fumace,  331 ;  in  balls 


334;  other  ahelf-bumers,  337,  338, 
343;  Au»ig  burner,  337;  work  done 
in  shelf-bnmers.  330;  mechanical,  s. 
Mechanical  duBt-bumen. 

Pjrogallol  for  eetiuiBting  oiygen,  417. 

rjrosulphate  of  sodium  for  the  manu- 
facture of  fuming  O.V.,  U68,  969,  970; 
propjirstion,  971. 

l-j-rrhotite,  30,  76.  ' 


BadiaUur  (Keaaler's),  906. 

Koschig's  theoiy  of  the  cbamber-procesa, 


1   Bate  of  formation  of  acid  in  chambers, 

725. 
I   Baw   materials  for  the  manufacture  of 
SO,  14. 
Heaction-iowers,  476,  480,  490,  501,  935. 
I       ai2,  1193;  (.Plate-lowers. 
I    Reaction-wheel,  593. 

I    Receivers  for  condensing  nitric  acid,  123. 
1    Recovering  nitric  acid  from  lowes  oiidea, 
125,   127,  1186 ;    nitrous  gae  in  lead- 
I        chamber  process,  575;  by  Gaj-Lussao 
I       tower  («.  this) ;    by   other  apparatus, 
'       590,631. 
Rectified  oil  of  vitriol,  176,  gUO;  manu- 
facture, 836;  in  gallej-fumace*,  836; 
I       in  platinum,  837  ;   in  ordinary  glass 
retorts,  836;  on  the  ooniinuous  plan, 
S44 ;  cost,  846 ;  in  porcelain  dishes  or 
I       beakers.  848. 

'   Recuperator  (Kewler'a),  003,  907. 
Reduction  of  gas-Volumes  to  normal  con- 
of  temperature  and  pressure, 
"  "      -     ~olumeter, 


>S;   by  n 


259. 


s  of  the  g 


BeductioD-tube  of  the  gas-volumeter,  259. 
Refining  nitric  acid,  127. 
Refraction  (nitrate  of  soda),  94.  95,  96. 
Regeneration  of  oontact-sutetance,  1022. 
Regulation  of  draught,  553;  automatic, 

5.')5;  flow  of  acid,  599,  600,  601,  602. 
Regulus  metal,  600;  behaviour  towards 

sulphuric  acid,  207  ;  cocb,  613. 
Reich  a  test  for  SOj  in  bumer-gas,  41]. 
Repairing  lead  chambers,  450, 
Repairs  of  chambers,  stoppage  for,  677. 
Reservoirs  for  arida,  619. 
Residue  from  sulpb  unburn  ere,  285. 
Retorts  for  distilling  sulphuric  acid,  808 ; 

for  nitrio  acid,  s.  Slilla. 
Retorts  for  distilling  fuming  add  from 

Titriol-st«ne,  961,968. 
Revereible  reactions,  767, 775. 
Rhenania  pyritee-bumers.  305  ;   blende- 
furnaces,   361  ;     lead-chambers,   454, 

459. 
Rings  for  packing  Glover  towers,  653, 

655,666. 
Roasting  cupreous  cinders,  1121;    style 

of  work,  1133  (i.  Furnaces). 
Rock-iulpbur,  16. 
Roebuok'a  lead  ehambera,  8. 
Rueasler'a  process  for  taking  ^,  out  of 

gases  by  copper  and  air,  377. 
Bohrmann's    apparatus    for    condensing 

exit-gaaes  from  nitric-acid  manufacture, 

126. 
Rolls  of  sulphur,  16. 
Roof  over  lead  chambers,  448. 
Ruddy  vapours  issuing  from  Qay-Lussae 

towers.  628,  629. 
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Salt    for 


ro&gting     pyrileft-ciDdere    for 

atrtction,   1117,    1121,    1133, 


8or«r*  towen,  478     anemomMn.  >< 

Tiews  on  tbe  chsmber-proota,  TG*. 
Spaoe,  >.  Oubic  Hpsee. 
Specific  gravity  of    ■ulphnric  Kid,  ^ 


copper-eitrtcti 

113*.  113B.  

Saltcake  in  CDnnection  witl>  aulphuruMUid  ;   Spaciflc  beat  of  sulphuric  acid,  197. 

m&nufkcture,  5 ;  with  gla^-makiiig,  5.         Spence's  diut-bumsr,  3^. 
Saltpelreaioijgeii  carrier,  10;  (.Nitrogen 


bambera,  507. 


Sampling  acid  in 

Saturei  (Kesaler' 

Saucer  or  Olorer  tower,  647,  646. 

Scan  in  pjritaa-burneri,  319,  320,  325.        i 

Sch.ffner'e  iholf-burnBr,  337.  34L'.  ' 

ScbioeaiDg-GlTaDdeau's  metbod  of  eati- 
mating  nitric  acid,  254. 

Scbneider's  oontacC-proceu  for  SO,.  1)76. 

Scbroeder  nnd  Haeniecli'i  proceu  for 
making  pure  SO,,  381 ;  foe  making 
■ulpburic  auhTdride.  9S3. 

ScTBp-irun  for   precipitation  of  oopper,  i 
U47.  ' 

Sen-transport  of  soidi,  927.  ! 

Selenium  in  eulphur.  21,  23;   detection 
in  lulpbur.  3^,  1180;   in  prritea,  49;   , 
in  lulpburic  acid,  252 ;    in  flue-diut,  { 
391 ;  pretence  in  ■ulphurio  acid.  7S0, 
1114  ;  injuriouB  action.  781 ;  remoral, 
806  ;    reooTerj    from    flue-duat,    &c.,   ' 
1113. 

"  Semper  idem  "  apparaltu,  602.  i 

Setlik'a  metbod  for  testing  fuming  O.T., 
245. 

Bete  of  acid-chamben,  T58. 

Sbelf-apparatua  for  the  deuitration  of 
nitrous  vitriol.  C32. 

Shelf-burner,  Mal^tra'a,  334  ;  Auuig 
burner,  337  ;  Niedenfuhr'e,  338  ;  Otfaer  : 
pbelf-burnera,  338.  343;  work  done  in 
■lielf-bumers,  339 ;  combination  witli 
lump-bumera,  342;  mechanical,  e.  Me- 
chanical i^uat-bumer*. 

Sights  for  chambers,   MO,  551 ;  eertiDg 
for   regulation   of   draught,  554 ;    aa 
Gaj.Lussac  lowers.  500,  820. 
Silica  as  packing,  1152  ;  aa  contact-sub-   ' 

stance,  £f79.  980.  1048,  1049. 
SiWer,  eitraetinn  in  the  copper-eitractiug 
process,  1 158 ;  Claudet's  process.  1158; 
eotuposilion  of  precipitote,  1159;other 
processes.  1160. 

Siphons,  .^03. 

Slags  in  p^rites-bumers,  a.  Scars. 
Sludge  acid,  a.  Acid-tar. 
Smalls,  >.  F^ritOMmalla. 
Smoke    containing   SO-    (ro«ip.   NoiIoub 
vapours),  82,  154;  dealing  wiUi  it  by 
high  chimneys.  370;  hj  dilution  with 
air,  371  ;  b;  condensation,  s.  Sulphur 
dioxide. 
Soldering  lead  b;  soft  solder,  11,  433. 


Spent  oiide  of  iron,  sulphur  from.S 
testing  for  available  sulphur.  7: 
working  for  SO,.  85  ;  eompoeilioii,  ^ 
residue  from,  88;  analysis,  88;  m 
buslion,  8S ;  rational  tmtmmt.  cr 
burners  for,  366 ;  purity  of  acid  nui- 
from  this  regarding  arsenic,  410. 

Splashing  about  of  acid  in  pumpiM. 
prerontion  of,  612. 

Spongy  iron,  1117;  for  the  prteipiWm 
of  copper.  1148 ;  manu&ututt,  il<'. 
1152;  composition,  1153. 

Spongy  platinnm,  a.  ConlaAt-tuMucft 

Spray -produoera  for  nitric  aad,  5^;  t'c 
chambera,  469,  460;  Spreoge!■^  5* 
Griesheim,  537;  Benkei's.  540,  *"- 
Korting'H.  541 ;  improvBOWDt  o(  tb> 
by  glaaa  noule,  541. 

Spnading  acid,  ate  Distributioo. 

Sprengel'a  spmy-pntducer,  536. 

Squire  t  Mewel's  prooesa  for  fum^ 
sulphuric  add,  983. 

Squire's  later  processes,  989,  991. 

Stahl's  brim  stone-burner,  277. 

Standard  aoid  and  alkali,  236. 

Statistics  of  nitric  acid,  145;  ofnitw^ 
soda,  93.  1183;  of  sidphnr.  30,  li;- 
1179.1180;  of  pyrites,  59,  USl.lK 
of  sulphuric  acid,  1170;  for  U«r- 
Kingdom,  1170;  Germany.  Hi- 
France,  Austria,  Belgium.  Itsly.  lli<  . 
Russia,  United   Stiit«s,  1175;  lij^ 


ir  chambers:  pressure,  51 
for       '      '- 


1177. 


.egulstioo.   533;  ii'i" 

into  jets,  533;  quantity  requird. »; 
employment  for  Bpraying  '"'"ij™ 
condensation  to  liquid  wat«  in  f™' 
here.  538  ;  for  denitrating  s""' 
vitriol,  632,  634  ;  partly  suppliw  ^: 
Glover  tower.  666,  668. 

Steam-boilers  for  chambers,  540,  ■>" 
plane  for,  929. 

Steam-columns  for  denitration,  BSi. 

St«am-gaugee  for  cluuubers  :   i^™"' ' 


S.531; 


»,JSJ 


Stoim-jete  for  chambers,  5 —  .     .      ^ 

Steam-pans  for  concentration  of  stitl- "-    , 

Steam-pipea  for  chambers,  531 :  i*""''' 

532,  534. 
8team-Up«  for  chambers,  532,  533.         | 
Steel,  behBTioiir  towards  sulphurir" 

205. 
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Stills  for   nitric  acid,   cylindrical,  104, 
107;  pot-Bbaped,  111,  1183;   Tacunm- 
stille,  111. 
Sloecliiouietrical  proportion  of  SO,  and 
O  employed  fur  contact-process,  983, 
985,   u86  ;    reasons  against  it,   987 ; 
abandonment,  992. 
Stone-breakers,   287  ;    Marsden's,    287 ; 
Broadbent's,289;  Motte's,  289 ;  Hum- 
boldt's,  290 ;  Breuer^s  sectorator,291. 
Stoneware  packing  for  coke-towers,  585, 

58G. 
Stoppage  of  cbambers  for  repairs,  677. 
Storage-batteries,  acid  for,  781,  802. 
Storage- vessels  for  nitric  acid,  527. 
Straps   for  chambers,   438  :   perforated, 

441. 
Strength  of  acid  in  chambers  and  drips, 

687. 
Strjpe's  automatic  regulator  of  draught, 
55();  continuous  testing-apparatus  for 
chamber- exits,  739. 
Sulphide  of  barium  and  other  metals  for 

precipitating  arsenic,  788. 
Sulphides,  ignition,  12  ;  working  of  poor 
sulphides  for  the  manufacture  of  sul- 
phuric acid,  81 ;    use  for  taking  SO.j 
out  of  gases,  378. 
Sulphite  cellulose,  burners  for,  283. 
Sulphites,  154 ;  analysis,  160. 
Sulphonic  acids,  200. 
Sulphur,  combustion  to  sulphur  dioxide, 
11 ;  ignition,  12,  16 ;  historical  notes 
on  use  in  ancient  times,  14;    use  for 
manufacture  of  s.  a.,  14 ;  use  for  manu- 
facture of  bisulphite  paper-pulp,  15; 
properties,   15  ;    boiling-point,   1178  ; 
behaviour  against  heat,  15 ;  allotropic 
conditions,    15  ;    igniting-point,    16 ; 
heat  evolved  in  burning,  16  ;  combina- 
tion with  hydrogen,  16  ;   solubility  in 
water,  alcohol,  oils,  CSo,  16 ;   natural 
occurrence,   17  ;  in  Sicily,  17 ;  mono- 
poly for,  37,  38 ;    new   processes  of 
extraction,  18  ;    analyses   of    Sicilian 
sulphur,   19 ;    prices  and  exportation 
from   Sicily,   2U,    1178 ;    sulphur   in 
I^orthern  Italy,  20 ;  Spain,  Germany, 
Austria,  Bussia,  21,   1179  ;   Mesopo- 
tamia, Egypt,  Tunis,  Japan,  22, 1179  ; 
New     Zealand,    United    States,    23  ; 
British  Columbia,  24 ;   other  parts  of 
America,  25, 1179;  world's  production, 
30,  1180  ;  commercial  grades,  31. 
Sulphur  manufactured  from  spent  oxide  of 
iron,  25;  from  pyrites,  26;  from  sulphur 
dioxide,  29  ;    from   sulphuretted  hy- 
drogen,   29  ;  from    sulphides,    1179  ; 
grinding  and  sifting,  33,  1181. 
Sulphur  (Brimstone),  technical  analysis  of, 
31, 1180, 1181 ;  detection  of  arsenic,  31, 


1180 ;  of  selenium,  32, 1 180 ;  direct  esti- 
mation by  solubility  in  CS.^,  32 ;  degree 
of  fineness,  33,  1181  ;  estimation  in 
pyrites,  62;  precipitation  by  barium 
chloride,  64 ;  previous  removal  of  iron,. 

66,  67.  69 ;  dry  methods  of  testing,  66, 

67,  74,  75 ;  wet  methods,  63,  67  r 
volumetric  methods,  70,  71 ;  available 
sulphur,  72 ;  calculation  of  sulphur 
burnt  from  oxygen  in  exit-gases,  749 ; 
in  state  of  mist,  interfering  with  con- 
tact-action, 1015. 

Sulphur  left  in  pyrites-cinders,  314» 
315,  316,  317,  318  ;  for  copper- 
extraction,  1118,  1120,  1138;  testing 
for  same,  316  ;  sublining  in  pyrites- 
kilns,  319 ;  employment  for  purifying 
sulphuric  acid  from  nitrogen  com- 
pounds, 803. 

Sulpbur,refiued,  properties,  16;  in  rolls,  or 
rock,  or  flowers,  16  ;  analysis,  34, 1181. 

Sulphur  dioxide,  formation  by  burning  S 
or  H^,  11;  increasing  velocity,  12; 
by  catalytic  action,  12;  by  various 
means,  13  ;  escape  as  noxious  vapours, 
82,  370 ;  chemical  reactions.  151 ,  159 ; 
solubility  in  water,  152,  384 ;  spec, 
gravities  of  solutions,  152 ;  salts,  154  ; 
detection,  159 ;  estimation,  160.  411 ; 
titration  in  liquids,  160 ;  estimation  in 
presence  of  HjS,  161 ;  purificaticm  for 
calcium  bisulphite,  396;  manufacture 
of  sulphur  from,  29 ;  production  from 
sulphuric  acid  and  charcoal,  153 ;  ap- 
plications, 161  ;  technical  production, 
268;  from  brimstone,  268  (s.  Brimstone- 
burners);  wood-pulp  works,  286; 
from  pyrites,  286  («.  Pyrites-burners)  ; 
in  burner-gas  (s.  this)  ;  testing  for, 
411  ;  together  with  nitrogen  oxides, 
419 ;  measures  for  dealing  with  it  in 
smoke-gases,  370  ;  condensation  by 
water,  372 ;  condensation  by  sulphuric 
acid,  373 ;  absorption  by  caustic  lime, 
373 ;  by  limestone,  374 ;  by  other 
oxides,  &e.,  375  ;  by  metals,  377 ;  by 
sulphides,  377;  by  charcoal,  379;  by 
red-hot  coals,  379;  introduction  into 
Gay-Lussac  tower  or  into  last  chamber, 
626,  627  ;  employed  for  purifying  sul- 
phuric acid  from  nitrogen  compounds, 
802;  preparation  in  the  pure  state, 
379 ;  rate  of  transformation  into  sul- 
phuric acid  in  the  chambers,  725,  730, 
731 ;  pure  SO,  for  manufacturing  SO., 
993 ;  manufacture  from  gypsum,  1098 
(comp.  Noxious  vapours.  Acid-smoke, 
Smoke-fl;ases,  Bumer-^as). 

Sulphur  dioxide,  anht/arous:  properties, 
149  ;  vapour-tension,  387 :  Uqutdj  150 ; 
spec,  gravity  of,  150;  water  contained 
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in,  151 ;  aotion  on  iron,  150 :  pre- 
paration according  to  Schroeder  and 
Haenisch,  381  ;  TeaseU  for  sending  it 
out,  386 ;  applications,  387.  1057. 

Sulphur  recoYerj :  connection  with  al- 
kali manufacture,  6. 

Sulphur,  sesquioxide  of,  1187. 

Sulphur  trioxide,  8.  Sulphuric  anhydride. 

Sulphuretted  hydrogen  :  coiubustion,  11, 
367 ;  utilization  for  manufacture  of 
SO^i  88,  1096 ;  from  the  manufacture 
of  sulphate  of  ammonia,  89 ;  from  the 
refininff  of  asphaltum,  1183;  bamers 
for,  367;  use  for  taking  SOj  out  of 
gases,  377 ;  use  for  the  manufacture 
of  sulphuric  acid  without  chambers, 
1093  ;  manufiacture  from  gypsum, 
1099;  absorption  by  pyrites-cinders, 
1102;  manufacture  of  sulphur  from, 
29 ;  action  on  SOj,  151 ;  estimation  in 
presence  of  SOg,  161;  for  removing 
arsenic  from  sulphuric  acid,  790 ; 
generation  at  Freiberg,  792 ;  by  other 
means,  800. 

Sulphuric  acid :  occurrence  in  nature,  170; 
formation,  172  ;  heat  of  formation, 
173 ;  compounds  with  water,  173 ; 
distilled  S.A.  (critical  concentration), 
173 ;  solution  of  SO,  in  acid  of  98«/o. 
175;  rectiOed  O.V.,  176;  specific 
gravities,  179,  1187;  table  for.  180; 
maximum  density,  186 ;  correction  for 
temperature,  186;  hydrates,  187;  in- 
fluence of  impurities  on  spec,  gravities, 
187,  1188  ;  of  sulphurous  acid,  188  ; 
of  nitrogen  acids,  189 ;  of  arsenic,  189  ; 
of  lead,  190,  1188;  unreliability  of 
hydrometric  estimation  for  high 
strengths,  190  ;  Anthon's  table  for 
mixtures  with  water,  190 ;  melting- 
and  freezing-points,  191 ;  boiling,  193  ; 
escape  of  aqueous  vapours,  193;  of 
acid  in  the  vesicular  stale,  193,  812, 
816,  855,  907;  boiling-points,  193; 
tension  of  aqueous  vapour  in  S.  A., 
195 ;  specific  heat,  197 ;  chemical  be- 
haviour, 198 ;  heat  evolved  on  mixing 
with  \^'ater,  198 ;  heat  of  dissolution, 
table  for,  199 ;  affinity  for  water,  200; 
decompositions,  201 ;  dissociation  of 
vapour,  201  ;  of  liquid  acid,  201  ; 
action  towards  other  acids,  201 ;  avidity, 
201 ;  salts  (sulphates),  202 ;  action  on 
metals,  202;  on  platinum,  202,  1188; 
on  cast-iron,  203,  205,  206,  896 ;  on 
wrought-iron,  204,  205,  206 ;  on  lead, 
206  ;  behaviour  towards,  N^O,  212 ; 
behaviour  towards  NO,  212 ;  behaviour 
towards  N0O3,  213,  215 ;  behaviour 
towards,  H^lO^,  221-223,  224 ;  analysis 
232 ;  detection,  232  ;  in  the  free  state, 


233;  in  sulphates,  233;  quantitalive 
estimation,  64, 233 ;  volumetric  estima- 
tion, 233 ;  impurities,  detection  of,  248, 
1189  («.  Arsenic,  &c.) ;  quantitative  esti- 
mation, 252 ;  employment  for  absorb- 
ing SO2, 373 ;  formation  as  a  source  of 
draught,  545,  549. 

Sulphuric  acid,  monohydrated :  proper- 
ties, 171 ;  dissociated,  171 ;  vapours^ 
171 ;  action  on  iron,  204 ;  on  lead,  209. 

Sulphuric  acid,  fuming :  properties,  165; 
melting  -  points,  1(^ ;  boiling  -  points^ 
166 ;  specific  gravities,  166 ;  specific 
heats,  169  ;  heats  of  solution,  170 : 
other  properties.  170;  behaviour  to- 
wards cast'-iron  and  wrought-iron,  206 ; 
towards  lead,  210 ;  analysis,  238, 1188; 
sampling,  238,  242;  weighing.  239, 
241.  242  ;  calculation  of  results,  243  : 
testing  by  suppression  of  fuming,  245 ; 
commercial  designation,  247 :  manu- 
facture of,  959 ;  m  Bohemia,  959, 9fiO ; 
cost,  964 ;  from  artificially  prepared 
sulphates,  965 ;  from  ferric  sulphate, 
965 ;  by  aid  of  a  vacuum.  966 ;  from 
pyrosulphates,  968  ;  from  the  80^  con- 
tained in  pyrites-kiln  gases,  971 ;  by 
means  of  metaphosphoric  acid,  971 ; 
from  chamber-crystals,  972 ;  by  elec- 
tricity, 972 ;  by  contact-proceeees  (*. 
this)  ;  first  production  by  contact-pro- 
cesses, 977,  981  ;  increased  demand 
stimulating  efforts  iu  that  direction, 
982 ;  new  era  commencing  in  1875, 
983, 986 ;  first  commercial  manufacture, 
988 ;  combination  of  manufacturers. 
990  ;  later  processes,  991  ;  theory,  99<> 
(s.  this) ;  present  state  of  manufacture 
I012 ;  quantity  manufactured,  lCt25. 

Sulphuric  -  acid  industry  :  imi>ortanee, 
4 ;  for  o\im  use  or  for  sale,  4  :  history, 
7 ;  Ward's  oil  of  vitriol  made  by  the 
bell,  8 ;  lead  chambers  in  England,  9 ; 
in  Germany,  11 ;  statistics  (s.  this). 

Sulphuric -acid  manufacture:  general 
principles,  11 ;  division  of  subject,  13: 
theory,  750  («.  this) ;  plant  for  (^.•.  Plant ) ; 
yields  and  costs  (s.  this)  ;  losses  in,  945 : 
without  lead-chambers,  422,  476.  493, 
501,  1092,  1093,  1094 ;  without  nitre, 
1096;  from  sulphates  (gypsum,  &c.). 
1027 ;  from  pyrites  and  salt,  1100;  by 
electricity,  1 100 ;  by-prod  nets  (s.  these). 

Sulphuric  anhydride,  162 :  formation, 
12,  163;  properties,  162;  modifica- 
tions, 162;  heat  of  formation,  163: 
chemical  reactions,  163 ;  preparation 
for  scientific  purposes,  164:  solution 
in  acid  of  98  p.  c.  HoSO..  175;  pre- 
sence in  burner-gas,  402 ;  from  brim- 
stone, 404 ;  under  pressure,  405  :  from 
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pyrites-kilns,  405;  from  blende,  406; 

testing  for,  in  burner-gas,  416 ;  cost  by 

Bribe's  contact-process,  1082. 
Sulphuric  anhydride,  manufacture,  s.  S. 

acid,  fuming. 
Sulphurimeter,  Chancers,  33,  1181. 
Sulphurous    acid,  8.    Sulphur  dioxide : 

detection,  159 ;  estimation.  160 ;  solu-   ^ 

tion  in  sulphuric  acid,  188 ;  influence 

in  titrating   fuming   O.V.,   244;   de-   | 

lection  in  sulphuric  acid,  249;    esti-  ; 

mation,  253. 
Surface-action    in   chambers,   472,  473,  I 

470,  723,  724. 

Swan's  anemometer,  570. 

I 

T. 

Tambours.  460,  461.  519. 

Tangentiiil  chambers,  455. 

Tanks  for  acid,  619;  for  lixiviating  the 
calcined  product  in  the  extraction  of 
copper,  1139. 

Tank-waggons,  924  ;  emptying  them,  925, 
926. 

Taps  for  nitrometers,  258,  261 ;  for  acid- 
chambers,  501 ;  for  chamber  -  steam, 
522,  533. 

Temperature  of  chambers,  470,  479,  498, 
710 ;  not  reduced  bj  injecting  water  as 
spray,  538,  552  ;  calculation  of  Yolume 
of  chamber-gases  for  yarious  tempe- 
ratures and  degrees  of  moisture,  573 ; 
of  atmosphere,  influence  on  draught, 
683;  optimum  in  chambers,  711,  712, 
713;  extraordinarily  low,  712;  obser- 
yations  by  Lunge  &  Naef,  714;  by 
Sorel,  720 ;  action  of  supply  of  water 
as  steam  or  spray,  716 ;  action  of  nitre, 
718,  719 ;  of  chamber-walls,  715,  720 ; 
change  of,  influence  on  chamber-process, 
771, 773 ;  optimum  in  chamber-process, 
theoretical  consideration  on,  773,  778  ; 
in  con  cent  rating-pans,  820 ;  in  contact- 
reactions.  10a%  1006, 1007, 1016,  1034, 
103(),  1039,  1047,  1058,  1065,  1066, 
1076,  1080;  lowering  of  temperature 
for  contact-reactions,  1016,  1019;  ob- 
servation of,  in  contact-process,  1017  ; 
regulation  for  contact-reactions,  1047, 
1049,  1080, 1083,  1084, 1085. 

Tension  of  vapour  of  sulphuric  acid,  195 ; 
calculation  of  chamber-gases  for  various 
water-tensions,  573. 

Testing  chamber-acids  for  nitre,  699 ; 
burner-gas,  324,  411,  416,  417;  for 
oxygen,  417 ;  chamber-exits,  786 ;  con- 
tinuous testing,  737 ;  Strype's  appa- 
ratus, 739 ;  prescriptions  of  Alkali 
Makers'  Afeociation,  743  ;  for  nitrogen 
acids,  745,  746  ;  for  nitric  oxide,  748 ; 
for  ai-senic,  248,  793, 1189. 


Test-plugs  for  chambers,  508,  678. 

Tliallmm  in  flue-dust,  391 ;  manufacture 
from,  1110. 

Theory  of  the  formation  of  sulphuric 
acid  in  the  lead  chambers,  750;  by 
Clement  &  Desormes,  751 ;  by  Davy, 
751 ;  by  Berzelius,  752 ;  by  Peligot, 
753;  by  Weber,  764;  by  Winkler, 
757  ;  Lunge's  former  views,  758 ;  Ras- 
chiff's  theory,  761 ;  Lunge's  later  theory, 
762 ;  Sorel's  views,  769 ;  Ostwald's  ex- 
planation of  the  chamber-process  as  a 
catalytic  process,  773 ;  theories  founded 
on  the  action  of  masses,  774;  on 
chemical  dynamics,  775;  of  contact- 
processes  (s.  this). 

Thermometers  for.  acid-chambers,  508 
710. 

Thiosulphatee  for  precipitating  arsenic 
789. 

Thyss's  towers,  477. 

Tilting-box  for  discharging  cinders,  303. 

Timber  for  lead  chambers,  424,  429  ; 
painting  it,  429. 

Top-flred  lead  pans,  812. 

Towers  in  lieu  of  chambers,  476,  477, 
501, 1094, 1095 ;  see  Plate-towers,  Gay- 
Lussao  towers.  Glover  towers ;  cost  of 
plant  for  combination  of  chambers  and 
towers,  935,  952 ;  cost  of  acid,  953. 

Trays  for  collecting  the  acid  forming  in 
the  chambers,  473,  723,  724. 

Tropasolins  as  indicators,  236. 

Tumbling-boxes,  592. 

Twaddell  s  hydrometer,  176. 

U. 

Uebel's  system  of  nitric-aoid  manufacture, 

116. 
Upstand  of  chamber-bottom,  446. 
Upward  stress  of  gases,  685. 

V. 

Vacuum  distillation  of  nitric  acid,  122, 

134. 
Yacuum-retorts  for  sulphuric  acid,  913  ; 

for  acid-tar,  916;    for  distilling  SO^ 

from  ferric  sulphate,  966. 
Valentiner's  vacuum-stills  for  nitric  acid, 

111 ;  condensing-apparatus,  134. 
Valves  for  acid-chambers,  502,  50($;  for 

acid-eggs,  609,  611,  612, 614. 
Vanadic  acid  as  contact-substance,  1048, 

1049,  1089. 
Vapour-tension  of  sulphuric  acid,  195; 

of  sulphuric  acid,  dissociation,  172, 201. 
Vapours  of  acid  from  lead  pans,  816 ; 

from  glass  retorts,  843. 
Vapours,  ruddy,  issuing  from  the  Gay- 

Lussac  outlet,  623,  629 ;  of  sulphuric 

acid,  810,  816. 
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Veloeit;  of  ga*  m  cbamben,  684, 1194 ; 

Venelian  red.  »63,  U64. 
Ventr&et'a  oolumD-apparatus,  470. 
Tenculor  itstc  of  eulphuric  acid,   193, 

612.816,865,807. 
Vieille  Maatagae  blende-furnsre,  304. 
Vitriol-cliamber  prooew,  12. 
Vitriol-Btone,  960,  961 ;  dililillBtion,  961, 

962 ;  composition,  064. 
Volumes  of  obunber-gBMs  according  to 

temperature  aod  moitlure,  573. 
VoItic  lara,  5S3,  64&;  lining  of  Olover 


Walter'*  burner  for  "  peaa."  357. 

Ward's  manufacture  of  oil  of  Titriol  bj 
tbe  bell,  8;  gla»-aheetii  in  chambera, 
472. 

Waabing  gsaea  forcontact-proceaa.  I0I6- 
1023  (s.  the«). 

Waale  acid.,  utilisation  of,  141.  673,  806. 
886,  896.  898,  1186;  SO:,  f™'".  IWl- 

Waate  liquora  from  copper-extraction, 
1162. 

Water:  part  plajed  in  tbe  cbamber- 
procesa,  757,  767;  action  in  cataljtic 
prDceeses,  981,  1000,  1008,  1008,  1L»73, 
1086,  1086. 

Waler  supplied  to  chambers  in  tbe  sbape 
of  Bteam  (r.  Sleain) ;  in  tbe  form  of 
spray  {».  Spray-produoera),  459,  460, 
716,  1194:  filtering  for  this  purpOK, 
.'>38,  543  ;  objections  to  watei^prsying, 
538;  oondersalion  of  aleara  to  liquid 
water  in  cbambera,  538 ;  precautions 
to  be  taken.  539:  to  be  avoided  for 
luting  chambers,  07"  ;  introduction  in 
starting  chambers,  676  ;  aiipply  in  tbe 
cliamber-prDCess,  686 ;  consequencra 
of  wrong  supply,  693  ;  oooling-aotion 
of  walei-spray,  717. 

Wster^gaa  for  buminff  lead,  437. 

Wataon's  teat  for  sulphur  in  burnt-ore, 
75  ;  modification  by  Lunge,  76. 

Webb's  apparatus  for  concentrating  add, 
851. 

Weber's  theory  of  the  chamber-prooesa,  j 


Weiaht  of  acid  in  cbamben,  iniijiiaU 
caWlation  of,  1193. 

Wildensteja's  method  of  te^isi  rl- 
phatea,  7a 

Winkler's  tbeoty  of  the  cbambcr.pp<n 
767  ;  contMt-prooeaa  of  197j,  W 
effect  of  ita  publicatioo,  d8li:  funV' 
deTelopmenI,  990,  1026.  1073. 

Wolters's  prooesa  for  the  aianulirliiR  ' 
fuming  O.T..  969.  970. 

Wood  for  lead  chamber*.  4H:  H' 
t,  429. 

BUlphu 

Worms  for  condcDding  i 

Woulffe's  boltles    for   condeiuiDg  nrj: 

add,  123;  forrecoTering  nitrouiw^ 


Yield  of  sulphuric  acid  in  ancient  uuc-^ 
9,  10 ;  impaired  by  wronc  dnuit' 
681 :  manner  of  odculatin^  'f^' 
varioua  sUlementa.  940,  1176. 


Zanner'a  concentration  of  acid  br  iu 
gases.  909. 

Zeiodelile,  422. 

Zinc,  presence  in  pyrites,  45,  67;  inliit 
action  of  sulphuric  acid,  211  ■  nxctrr} 
from  pyrites  •  cinders.  1107:  fK= 
copper-eitmctioD,  1163. 

Zino-blende,  79 ;  first  applicatiNi.  T^ 
occurrence.  79  ;  comjKWttioii,  TV:  is 
purities,  80:  production.  80;snilrr. 
81  ;  treatment  of  complex  om  f^-~ 
[ainiog  it,  366 ;  gases  from,  for  u»^- 
factute  of  80„  1059. 

Zinc-blende,  furnaces  for,  358:  nmn^^ 
358;  dBTelopmont.  358 :  Haseodff 
&  Helbigs,  359;  Liebig's,  36I.V  Br 
nania  furnace,  361  ;  other  furnv^ 
3«3;  mechanical  furnaces.  3W,  UK 
Vieille  Montagne  fumaoe,  364;  f«- 
position  of  biinter-gaa,  401.  W^ 

Zinc  oxide  or  carboniite   for  nlW'T^-- 
80:,.  376. 
.'   ZolraTentiLato,31,34. 


le  7,  'Vif  trioxide  (not  telroxide). 


P't-jr. 
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